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FOREWORD 


The experimental effort described in this report was conducted by the United 
Technologies Research Center in cooperation with the NASA-Lewis Research 
Center, the Lockheed-Georgia Company, and the Hamilton Standard and Pratt and 
Whitney Aircraft Divisions of the United Technologies Corporation, under NASA 
contract NAS3-23710, known as the GUN3 test series. 

The vibratory blade stress evaluation portion of the overall effort was con- 
ducted by Hamilton Standard under NASA contract NAS3-24222, task order number 
4. Mr. Irving E. Sumner of the NASA-Lewis Research Center was the technical 
monitor for the contract. 

The data reduction was performed by Mr. Donald J. Marshall and the analysis 
and reporting was conducted by Mr. Prem N. Bansal , under the direction of 
Mr. Bennett M. Brooks, Hamilton Standard Project Manager. 
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SUMMARY 


A cooperative wind tunnel test program, referred to as GUN-3, had been con- 
ducted previously at the United Technologies Research Center to assess the 
effect of inlet configuration and location on the inlet face pressure recov- 
ery and inlet drag in the presence of a high-speed advanced turboprop. These 
tests were conducted with the inlets located just downstream of the SR-3 mod- 
el Prop-Fan, a moderately swept, eight-bladed 62.2 cm (24.5 inch) diameter 
advanced, high-speed turboprop model fabricated from titanium. The partici- 
pants in this test program, conducted from November 1983 to January 1984, 
were the Lockheed-Georgia Company, Hamilton Standard, Pratt & Whitney 
Aircraft, and the NASA-Lewis Research Center. During these tests, two blades 
of the SR-3 model Prop-Fan were strain gaged to measure the vibratory blade 
stresses occurring during the inlet aerodynamic test program. The purpose of 
the effort reported herein was to reduce and analyze the test results related 
to the vibratory strain gage measurements obtained. 

Three inlet configurations had been tested. These were: 1) single scoop, 

2) twin scoop, and 3) annular. Each of the three inlets was tested at a 
position just behind the rotor. The single scoop inlet was also tested at a 
position further aft. Tests were also done without an inlet. 

During testing, several parameters such as tunnel speed, rotational speed, 
shaft power, and inlet flow had been varied to determine their effects on 
blade stresses. All tests were conducted with uniform inflow to the rotor, 
that is, without angular inflow. Two blades were gaged with four strain 
gages on the camber side of each blade. Bending and torsional vibratory 
stresses were measured and recorded. 

In this effort, the test data were analyzed to determine total blade vibra- 
tory stresses and the harmonic vibratory stress components. The blade modal 
frequencies were determined from the spectral plots, and the blade responses 
found within the test range were examined. Specifically, the 2P blade re- 
sponse was significantly affected by the first mode 2P critical speed. 

The inlet has been identified as an important source of dynamic excitation 
for Prop-Fans. Results of the data analysis show that the blade vibratory 
stresses were significantly affected by the presence of an inlet. The mea- 
sured blade stresses were a function of the inlet type, the inlet/rotor spac- 
ing, and the inlet flow rate. 

The annular inlet produced a blade response that was only slightly higher 
than the no inlet response. The single scoop and twin scoop inlets produced 
a very significant 2P response near the 2P critical speed, as expected. In 
comparison to the twin scoop inlet, the maximum 2P responses due to the 
single scoop mid and forward inlets were only one-third and two-thirds as 
high, respectively. Still, these results emphasize the importance of 
avoiding critical speeds in the continuous operating range. 
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Near the design cruise condition, the forward single scoop inlet produced 
significant IP response, which was reduced by about 50% when the inlet was 
moved further away from the rotor, that is from the forward position to the 
mid position. The IP response due to the twin scoop inlet was very low and 
always lower than the 2P response. This indicates that the twin scoop may be 
promising from an excitation factor (EF) standpoint, if the critical speed 
response can be controlled. For all inlets, the effect of increased inlet 
flow was to reduce the IP and 2P blade response. 

At the 0.8 cruise Mach number, 0.81 design mass flow ratio, and at an operat- 
ing speed of 8204 rpm (near 100% rpm) , the single scoop mid-inlet produced an 
equivalent IP excitation factor <EF) of about 2.3. The EF is based on the 
blade inboard bending vibratory stresses, which were the highest measured 
stresses compared to the other strain gage locations of the blade. 

Using finite element modeling techniques, blade stresses and frequencies were 
calculated for three test points. Correlation between test and predicted 
blade natural frequencies was good. However, the test IP and 2P vibratory 
stresses were underpredicted. 

In order to improve correlation between the tested and predicted blade vibra- 
tory stresses, several areas for further investigation have been identified. 
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1.0 INTRODUCTION 


During the last decade, Hamilton Standard, in a joint effort with NASA, has 
successfully developed and demonstrated new concepts for advancing the 
state-of-the-art of high-speed Prop-Fan propulsion systems. As a part of 
this development effort, the structural integrity of model Prop-Fans has been 
demonstrated in wind-tunnel testing. The results of some of these investiga- 
tions have been published in references 1-3. 

Several paper studies [4] have shown that at cruising speeds of Mach 0.7 to 
0.8, both military and civil transport aircrafts using Prop-Fan propulsive 
systems would produce significant savings in fuel cost (20 to 35 percent) 
relative to equivalent technology turbofans. Furthermore, for tactical 
transports there is also the potential for up to 30-percent reductions in 
field length for the same payload and range. However, to attain these objec- 
tives, the design of engine installations requires special considerations so 
that the beneficial effects of these installations are enhanced and the ad- 
verse effects are minimized. 

An Important part of the installation is the engine inlet, which has a large 
effect on the Integrated engine/Prop-fan performance for tractor configura- 
tions. Recently, concerns have been expressed that the inlet may also be an 
important source of excitation of blade vibratory stress. This traditionally 
has not been a concern for conventional propellers. However, the smaller di- 
ameters and larger hub-to-tip ratios of the Prop-fan concept cause the inlet 
to encompass a larger percentage of the disk area and to be closer to the 
blade tips than for conventional propellers. This causes more blockage on 
the Prop-fan, which is exaggerated by the Prop-fan's higher disk loadings. 

Aspects of inlet design, and potential inlet candidates for Prop-Fan applica- 
tions are discussed in references 5 and 6. Inlet/Prop-Fan Interaction ef- 
fects on the overall performance of the propulsive system are discussed in 
reference 7. 

A cooperative wind tunnel test program, referred to as GUN-3, had been con- 
ducted at the United Technologies Research Center to assess the effect of in- 
let configuration and location on the inlet face pressure recovery and inlet 
drag in the presence of a high-speed advanced turboprop (Reference 8). The 
tests were conducted with the inlets located just downstream of the SR-3 
model Prop-Fan, a moderately swept, eight-bladed 62.2 cm (24.5 inch) diameter 
advanced, high-speed turboprop model fabricated from titanium. The partici- 
pants in this test program, conducted from November 1983 to January 1984, 
were the lockheed-Georgia Company, Hamilton Standard, Pratt & Whitney 
Aircraft, and the NASA-Lewis Research Center. During these tests, two blades 
of the SR-3 Model Prop-Fan were strain-gaged to measure vibratory blade 
stresses occurring the inlet aerodynamic test program. The purpose of the 
effort reported herein was to reduce and analyze the test results related to 
the vibratory strain gage measurements obtained. 
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1.0 (Continued) 


Three inlet configurations had been tested. These were: 1) single scoop, 

2) twin scoop, and 3) annular. All three inlets were tested at a forward 
(FWD) location, which was 6.86 cm (2.7 in) behind the pitch change axis of 
the propeller. In addition, the single scoop inlet was also tested at a lo- 
cation further aft, known as the mid-position, which was 12.45 cm (4.9 in) 
behind the pitch change axis. The mid-position tests were done in an attempt 
to investigate a means to minimize the Prop-Fan swirl effect on the pressure 
recovery at the face of the inlet and to reduce the blade vibratory stresses 
due to the presence of the inlet. 

Tests were performed at Mach numbers up to 0.80 simulating both design cruise 
and off-design flight conditions. Other important test parameters varied 
during the testing included rotational speed (windmill to 8550 rpm) and inlet 
mass flow ratio (0.0 to 1.0). The Prop-Fan blades were set at or near the 
nominal blade angle (approximately 58-59°) for a Mach 0.80 cruise condition. 
Due to time constraints, the blade angles were not reset to lower values re- 
presenting the appropriate design conditions for lower tunnel Mach numbers. 
This limited the rotational speed range which could be obtained, within the 
test rig limitations, for tunnel Mach numbers less than 0.8. Lower rpm's 
were set by Prop-Fan windmilling speeds and upper rpm's by rig power limits. 

Two blades were gaged, with four strain gages installed on the camber side of 
each blade. Both, bending and torsional vibratory stresses were measured and 
recorded. The test data were analyzed to determine total stress and the 
p-order (harmonic) vibratory stress components. 

Blade vibratory stresses, for three known test conditions, were predicted us- 
ing finite element modeling techniques. The predicted stresses were compared 
with experimental results. Also the blade natural frequencies were calcu- 
lated and compared with test values. 

This report provides a description of the test model, test facility, instru- 
mentation, data acquisition, data reduction, and analytic technique, and also 
provides a discussion of the results. 
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2.0 TEST PROGRAM 


The United Technologies research facilities had been used to conduct the test 
program in a cooperative effort by the Lockheed-Georgia Company, Hamilton 
Standard, Pratt & Whitney Aircraft, and NASA-Lewis. The tests known as the 
GUN-3 series, were performed from November 1983 to January 1984 under separ- 
ate NASA contract (NAS3-23710) and are described, in detail, in Reference 8. 
The test Installation, model instrumentation, and test conditions are de- 
scribed In the following sections. 

2.1 Test Installation 

Testing had been conducted in the United Technology Research Center (UTRC) 
8-foot high-speed wind-tunnel. The SR-3 Prop-Fan assembly was provided by 
NASA-Lewis, and is shown mounted on the test rig in Figure 1. The SR-3 model 
consisted of eight solid titanium, moderately swept blades. The blade diam- 
eter was 62.2 cm (24.5 in). It is an approximately 1/8 scale, variable pitch 
(ground adjustable) configuration. 

The SR-3 Prop-Fan was designed for cruise conditions at an altitude of 
10.7 km (35,000 ft) at a flight speed of 0.8 Mach number, with a tip rota- 
tional speed of 244 m/s (800 FPS). In the model scale, this yields a design 
rpm of about 7500 to 8500, depending on wind tunnel operating conditions. 

The Prop-Fan model assembly consisted of a unique hub, blades, spinner, and 
nacelle afterbody. The blades, hub, and spinner were designed and fabricated 
by Hamilton Standard and are owned by NASA-Lewis. The nacelle afterbody was 
fabricated by UTRC per Hamilton Standard design. The inlets were designed 
and fabricated by Lockheed-Georgia (references 4 and 5). The test model was 
designed for counter clockwise rotation (viewing upstream). Figure 2 shows 
an inlet installation. 

A more detailed description of the test model, wind-tunnel facility, and pro- 
peller dynamometer can be found in references 2, 6 and 8. 

2.2 Model Instrumentation 

Two blades (#1 and #3) were equipped with strain gages. As shown in Figure 
3, four strain gages were Installed on the camber side of each of the two 
blades. The gages are labeled 1, 3, 4 and 6. Gage #1, the inboard gage, 
measured the bending stress. The mid-blade bending stress was measured by 
gage #3. The torsional stresses were measured by the VEE-gage (Gage #4). 

Tip bending stresses were measured by gage #6. 

The data tables, which are discussed later, refer to the blade and strain 
gages using two types of identification. For example, BG3-1, refers to the 
inboard gage on blade #3. That is, the first numeral refers to the blade 
number, and the second numeral refers to the gage number. The second type of 
identification which has been used for the same gage is 3-1. 

A detailed description of how the strain gage wiring was routed and connected 
can be found in reference 2. 


2.3 Test Conditions 


Tests had been conducted using three inlet configurations. As discussed be- 
fore, these were: single scoop, twin scoop, and annular. The no-inlet con- 
figuration tests were used as a baseline reference. A series of nozzles at- 
tached to the downstream exit of each inlet was used to restrict the flow, 
and thus control the mass flow ratio variations. The mass flow ratio (MFR) , 
as used in this report, is defined as the ratio of the area required to pass 
inlet air at freestream conditions (A 0 >, to the inlet throat area (A T >, 
that is MFR = A 0 /A T (see reference 6). 

Tests had been conducted over a wide range of conditions to provide data at 
cruise design and off-design conditions. Variables included Prop-Fan rota- 
tional speed (4244 rpm to 8550 rpm) , tunnel Mach numbers (0.6, 0.7, and 0.8), 
mass flow ratio (0 to 1.0), and shaft power 0 to 458 SHP (342 k.W). Also, 
limited data were acquired at 0.4 Mach number. The blade angle was set at or 
near the nominal design blade angle (approximately 58-59°) for a Mach 0.80 
cruise condition. This limited the upper rotational speeds that could be ob- 
tained at lower tunnel Mach numbers, due to power limitations of the test 
rig. Lower rpm limits were set by Prop-Fan windmilling speeds. A complete 
listing of the operating conditions, including free stream parameters, is 
given in Table A-I of the Appendix. A brief summary of the tested parameters 
can be found in Table I. 
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3.0 TEST DATA 


Hamilton Standard and United Technologies Research Center personnel had been 
responsible for the stress test data monitoring and recording. The data re- 
duction was done at Hamilton Standard. These topics are discussed in the 
following sections. 

3.1 Test Data Acquisition 

During wind tunnel testing, blade vibratory stress data had been displayed 
and monitored, on-line, on a multichannel oscilloscope. For each test point, 
a written record of the operating conditions was made, and the stress data 
were recorded using an FM magnetic tape system. The Prop-Fan speed/phase 
pipper signal was also recorded. 

3.2 Test Data Reduction 

Initially, the analog tapes were analyzed to obtain total vibratory stresses 
by using electronic peak detectors and recording the resulting signals on a 
strip chart (Brush chart). The peak detector outputs were also digitized us- 
ing an analog to digital conversion system. Based on the digitized data, the 
system then produced a tabulation of the total vibratory stress amplitude for 
every strain gage at all of the test points. Data from over 200 test points 
were tabulated. Each test point contained data for 8 strain gages, from two 
blades with 4 strain gages each. 

The total stresses are expressed as X + 2a, where X is the data-sample 
average of the peak vibratory stress amplitude, and a is the standard 
deviation. The Instantaneous stress will be below this level 97.72 percent 
of the time during the sampling period. That is, only 2.28 percent of the 
vibratory stresses are above this value. It was found that the X + 2a 
value is a good representation of total stress, which is mathematically 
rigorous. It replaces the previously used "Infrequently repeating peak" 
method, which Involves the subjective reading of strip charts. The X + 2o 
stress values are listed In Table A-II of the Appendix. 

As a second step in the data reduction process data samples, of 24 seconds in 
length from the analog tape, were processed to produce spectral analyses for 
selected strain gages and test conditions. This spectral information was 
then stored on a computer disc for later retrieval. A Hamilton Standard 
written computer program was then used to pick out the stress peaks and their 
associated frequencies. These were then tabulated according to the test 
point and related strain gages. 

Harmonic (p-order) stress component tables were prepared for each of the in- 
let conditions. In addition to the stress components (IP to 6P), for each of 
the strain gages, the tables also Include the operating conditions for each 
of the test points. 

The p-order stresses for the single scoop forward inlet, single scoop mid- 
inlet, twin scoop forward inlet, annular forward inlet, and no-inlet (bare) 
tests are given in the Appendix, respectively, in Tables A— III , A-IV, A-V, 
A-VI , and A-VII . 
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4.0 TEST DATA ANALYSIS 


All data points described above were analyzed. In addition, six test points 
were selected for more detailed data analysis. Test runs 35.2 and 37.2 are 
from the single scoop mid-inlet tests, and test run 10.2 represents the 
single scoop forward Inlet condition. Test runs 22.2, 24.2, and 22.3 repre- 
sent the corresponding no-inlet tests at about similar operating conditions. 
For all the six data points, strip charts, spectral plots, and oscillograms 
were generated. Samples of a strip chart, spectral plot, and an oscillogram 
for test run 35.2 are shown in Figures 4, 5, and 6, respectively. 

Spectral plots provided the blade rotational frequencies and the P-order 
stresses. These correspond to the measured periodic, coherent time domain 
signals. In order to compare the P-order test stresses with the predicted 
stresses, it was necessary to determine whether a stress component (IP or 2P) 
for an inlet condition was in-phase or out-of-phase with the corresponding 
stress component of the appropriate no-inlet condition. If the two values 
were in phase, then the no-inlet stress could be subtracted from the inlet 
stress component giving the net effective stress Induced by the inlet. How- 
ever, if the two values were out-of-phase, the resultant was determined by 
vector addition/subtraction. Oscillograms were used to calculate these phase 
relationships. 

For each of the six test points, the phase angle of the stress peak with re- 
spect to the Prop-Fan speed/phase pip was determined. Also, the resultant 
phase between the inlet and no-inlet signals was calculated. This procedure 
was repeated for both IP and 2P components. The resulting effective test 
stress components, along with the phase angles, are listed in Table II. 

Automated plotting routines developed by Hamilton Standard, along with tradi- 
tional plotting techniques, were used to generate curves which show trends of 
total and 1P/2P vibratory stresses with operating conditions. 
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5.0 DISCUSSION OF TEST RESULTS 


The test data analysis, which was discussed in the previous section, charac- 
terized the blade vibratory stresses and rotating natural frequencies under 
various operating conditions. This section contains a detailed discussion of 
blade response frequencies, total vibratory stresses, and P-order vibratory 
stresses. 

5.1 Blade Response Frequencies 

The experimental rotating natural frequencies of the blade were obtained via 
spectral plots. Test frequencies are plotted as a function of the Prop-Fan 
rotational speed in Figure 7. Also superimposed on this figure are the pre- 
dicted blade frequencies. The prediction procedure is described in Section 
6.0, and the prediction results, with correlation to test data, are discussed 
in Section 7.0. Examination of Figure 7 shows that the 2P excitation fre- 
quency Intersected the blade first mode response, resulting in a critical 
speed, around 5800 rpm. When the model was operating near the critical 
speed, high blade stresses were produced, as discussed in the next section. 

5.2 Total Vibratory Stresses 

Measured vibratory stresses for all the test points are listed in the Appen- 
dix. Table A-II lists total vibratory stresses, the parameter most signifi- 
cant for comparison with material fatigue strength. Harmonic components of 
the vibratory stress, useful In studying the sources of the stressing, are 
discussed in the following section. 

Table A-II lists data for eight strain gages, four each from blades 1 and 3. 
Gages on blade 1 are labeled <1-1, 1-3, 1-4, and 1-6). Similarly, strain 
gages on blade 3 are identified as: 3-1, 3-3, 3-4, and 3-6. It should be 

noted that for some test runs <30.1 to 37.4, mid-inlet) the blade 1 stresses 
only were recorded. Similarly for other test runs (40.1 to 46.10, twin scoop 
inlet), the blade 3 stresses only were recorded. 

Maximum Total Stresses - Listed in Table III are the maximum experimental vi- 
bratory stresses which were produced by each of the inlet configurations dur- 
ing the entire test program. These stresses are from blade 3, and were mea- 
sured at the inboard bending station. The associated operating conditions 
for each of the test points are also Included in Table III. 

Analysis of the data has shown that the measured inboard blade bending stres- 
ses, as compared to the other stresses, were the highest. Also, blade 3 
stresses were slightly higher than the blade 1 stresses. However, the dif- 
ferences between the blades, except near the first mode critical speed, were 
less than 10-percent, showing the consistency of the test data. 
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5.2 (Continued) 


During the entire test program, the highest measured inboard bending total 
vibratory stress of +188 MPa (+27,200 Psi) was produced by the twin scoop in- 
let, for test run 42.1 at 0.8 Mach number and 58.3 degrees blade angle. This 
stress is considered to be extremely high, and unacceptable on a continuous 
basis. A significant portion of this stress is the 2P harmonic component, 
which was magnified by operation of the Prop-Fan at 6127 rpm, near the first 
mode/2P critical speed. During normal turboprop operations, critical speed 
conditions such as this are avoided, by increasing the rpm to the design 
point rapidly, to pass through the critical speed as quickly as possible. 

As shown in Table III, the single scoop mid inlet produced about 40% lower 
inboard bending total vibratory stresses than the single scoop forward-inlet, 
showing that the increased rotor/inlet distance decreased the resulting blade 
vibratory stresses. For the single scoop forward inlet, the highest inboard 
bending stress on blade 3 was +130 MPa (+18,800 psi). The corresponding 
stress on blade 1 was +127 MPa (+18,400 psi) showing the consistency of the 
test data. Again, this maximum stress test run case (11.5) was very near 
critical speed operation, which would not normally be run on a continuous 
basis. The operating conditions for this run were: 0.8 Mach number, 6221 

rpm, 57.8 degree blade angle, and 0.81 mass flow ratio. 

The maximum total vibratory inboard bending stress for the single scoop mid- 
inlet was +76.5 MPa (+11,100 psi). Again, the operating conditions of 0.8 
Mach number, 6110 rpm, 58.0 degree blade angle, and 0.97 mass flow ratio rep- 
resent a 2P/first mode critical speed case, not normally run continuously. 

The stresses produced by the annular inlet were only slightly higher than the 
no-inlet stresses, which were generally low. There is some residual stress 
for the no-inlet case, possibly due to a small amount of tunnel turbulence 
present. Also, a small angular error in the physical rotor shaft alignment 
to the tunnel centerline, or the presence of the nacelle/pylon may introduce 
a small degree of non-uniformity to the rotor inflow. 

In reviewing the vibratory stress data of Table III, it should be noted that 
the test conditions listed here are not identical for all the inlets which 
were tested. However, the operating conditions being "qualitatively" simi- 
lar, do allow comparisons of the resulting blade stresses. 

Total Stress Trends - A graphic comparison of the inboard bending total vi- 
bratory stresses, for all the inlets, is shown in Figure 8. The stresses are 
plotted as a function of the Prop-Fan rotational speed. Only the test data 
for which the influence of the 2P/first mode critical speed is relatively 
small have been included. The mass flow ratio (MFR) was 0.81 and the blade 
angle was 58.5 (+0.5) degrees. For each case this blade angle represents the 
design cruise blade angle, and 0.8 MFR was determined (reference 5) to be the 
optimum design point for a currently available technology engine appli- 
cation. 
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5.2 (Continued) 


The data trends shown in Figure 8 clearly demonstrate that each inlet config- 
uration and location produced blade vibratory stresses which were higher by 
varying degrees than the no-inlet configuration. Thus the inlet was identi- 
fied as an important source of excitation for Prop-Fans. Furthermore, the 
most severe stress environment was produced by the single scoop forward in- 
let. The annular inlet stresses were the lowest, that is equal to or only 
slightly higher than the no-inlet stresses. 

The total vibratory inboard bending stresses produced by the single scoop 
forward and mid-inlets are compared in Figure 9. Clearly, the blade stresses 
for the mid inlet were about 40% lower than the forward-inlet, showing that 
an increased blade/inlet gap decreases the blade vibratory stresses. Also 
plotted on Figure 9 are the no-inlet stresses. Again, the blade stresses due 
to either of the inlets are significantly higher than the no-inlet configura- 
tion. The test conditions for the data shown include a mass flow ratio of 
0.81 and blade angle of 58.5 +0.5 degrees, approximating the cruise design 
values at 0.8 Mach number. 

A comparison of the single scoop forward and twin scoop forward inlets is 
shown in figure 10. The plotted stresses are the inboard bending total vi- 
bratory stresses. No data were available to make comparisons at exact oper- 
ating conditions. However, the plotted test data represent nearly similar 
operating conditions. The single scoop forward inlet data are for a 57.8 
degree blade angle, and 0.81 mass flow ratio. The twin scoop data are for 
58.3 degree blade angle and 0.75 mass flow ratio. The twin scoop stresses 
were slightly lower than the single scoop stresses away from the influence of 
the first mode critical speed. 

It is also observed from Figures 8 to 10 that the Prop-Fan rotational speed 
has a strong effect on the blade stresses. The stresses were lower as the 
speed was increased. This trend is due to the fact that, as the model was 
operated at higher speeds, the influence of the 2P/f1rst mode critical speed 
on the model response decreased. The 2P/first mode critical speed is at 
about 5800 rpm. 

Data measured for all of the blade 1 strain gages during mid-inlet testing 
are shown in Figures 11 through 14. The mid-inlet data were acquired at 
flight Mach numbers of 0.6, 0.7, and 0.8, over a speed range of 4244 to 8550 
rpm, for a blade angle of 58.5 degrees and mass flow ratio of 0.81. Figure 
11 is a plot of the blade 1 inboard bending stresses. The stress trends are 
very clear, and the maximum stresses occurred near the 2P/first mode critical 
speed, at about 5900 rpm. At off-critical speeds, the stresses were consid- 
erably lower, less than +30 MPa (+4350 psi). 

Figure 12 shows mid-blade bending stresses, which are only slightly lower 
than the inboard bending stresses. The torsional stresses, seen in 
Figure 13, show little modal response, and show little effect of rpm. They 
were less than +10 MPa (+1450 psi). The tip bending stresses away from the 
critical speed, shown in Figure 14, were less than +16 MPa (+2320 psi). 
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5.2 (Continued) 


A comparison of the blade 1 and blade 3 inboard bending total vibratory 
stresses, at 0.8 Mach for the mid-inlet, is shown in Figure 15. Blade 3 
stresses are about 7% higher than blade 1 stresses. These differences are 
small and may be due to blade manufacturing variations, or to non-identical 
location of the strain gages. 

5.3 P-order Stresses 

Spectral analyses were performed for the strain gage data in order to deter- 
mine the P-order harmonic stress components for each test case. This diag- 
nostic tool allowed a more accurate interpretation of the blade responses. 

The P-order stresses (IP to 6P) are listed in Tables A-III to A-VII in the 
Appendix. The single scoop forward inlet results are given in Table A-III, 
the single scoop mid-inlet in Table A-IV, the twin scoop forward inlet in 
Table A-V, the annular forward inlet in Table A-VI, and the no-inlet (bare 
nacelle) results in Table A-VII. As per availability of the data, the tabu- 
lated results include data for blades 1 and 3 from all the four strain gages, 
except in the case of the twin scoop inlet for which data from blade 3 only 
were recorded. 

From data Tables A-III to A-VII, it is observed that stress components higher 
than the third harmonic are quite small. Also, the IP and 2P components are 
much higher than the 3P components. As would be expected, the 2P components 
were the highest when operating near the 2P critical speed. In the cruise 
design rpm range, the IP components generally dominated. Table III lists the 
maximum IP and 2P vibratory stress components for each of the tested inlet 
configurations at the inboard station of the blade. 

Single Scoop Inlets - The IP experimental stresses for the single scoop mid- 
inlet are shown in the form of a composite plot in Figure 16. Stresses are 
plotted against the Prop-Fan rotational speed. The data plotted are at 58.0 
and 59.2 degree blade angle, 0.6, 0.7 and 0.8 Mach number, and 0.81 and 0.97 
mass flow ratio. 

Review of Figure 16 shows that the blade IP stresses tended to decrease with 
increased mass flow ratio. That is, stresses were lowered by the increased 
inlet flow which reduced the blockage on the rotor disk. Generally, IP 
stresses increased with rpm, although at 0.8 Mach number the stresses stabil- 
ized around 8000 rpm and slightly decreased with further increase in rpm. 

This is an indication of compressibility effects, and was also seen in earli- 
er tests reported in reference 1. 

The highest experimental IP vibratory stress at the inboard bending station, 
during mid-inlet testing, was + 9 MPa (+ 1300 psi) at 0.8 Mach number and 
8204 rpm. This case approximates the design cruise operating condition. 

The IP stresses for the single scoop forward inlet are plotted in Figure 17. 
The stresses are plotted as a function of Prop-Fan rotational speed. The 
data trends are similar to those observed from the mid-inlet tests. However, 
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5.3 (Continued) 


the maximum measured IP stress of + 12 MPa ( + 1,800 psi) for the forward in- 
let was significantly higher than for the mid-inlet. The maximum IP stress 
case again approximates the design cruise operating condition. Note that, as 
expected, IP vibratory stresses were not affected by the first mode critical 
speed at the 2P crossover. 

Figures 18 and 19, respectively, show the 2P stress variations as a function 
of the Prop-Fan rotational speed, for the single scoop mid and forward in- 
lets. Near the first mode 2P critical speed, the dynamic magnification ef- 
fect on the 2P stress response Is apparent. Hence, compared to the IP stress 
response, the 2P stress response is very high. 

For the forward Inlet, the maximum 2P stress component of + 109 MPa 
(+15,800 psi) was measured at 0.8 Mach number and 6221 rpm. For the mid- 
inlet, the maximum 2P stress of + 61 MPa (+8,900 psi) was lower than the for- 
ward inlet case. The mid-inlet stress was measured at 0.8 Mach number and 
6110 rpm condition. At higher rpm's also, the mid-inlet induced lower blade 
stresses than the forward Inlet. For both Inlets, the 2P stresses decreased 
significantly with Increased rpm, as the influence of the critical speed de- 
creased. 

Twin Scoop Forward Inlet - The 2P stress data for the twin scoop inlet are 
plotted in Figure 20. The data are for 0.6, 0.7, and 0.8 Mach numbers, 58.3 
and 59.1 degree blade angles, and 1.0 mass flow ratio. For this configura- 
tion, the maximum 2P stress was + 174 MPa (+25,200 psi), which is considered 
to be very high. This stress is listed In Table III but is not shown on Fig- 
ure 20. The stress trend with rpm is similar to that for the single scoop 
case. The stress decreased rapidly as rpm was increased, reducing the effect 
of the critical speed. In the design cruise rpm range, the stress values are 
about the same as those for the forward single scoop, roughly +12 MPa (+1,700 
psi). Since the blade angles for the data differ only by 0.8 degree, the ef- 
fect of the blade angle variations on the resulting blade stresses was 
small. Note from Table III that the IP stress levels for the twin scoop are 
low, approaching those for the no-inlet cases. This indicates that the twin 
scoop way be promising from a blade stress standpoint, if the influence of 
any 2P critical speeds can be controlled in the blade design. 

Figure 21 shows the effect of the inlet flow on the blade stresses due to the 
twin scoop inlet. The 2P stresses are plotted at 58.3 degree blade angle, 
0.57 and 1.0 mass flow ratio, and 0.6, 0.7, and 0.8 Mach numbers. The blade 
stresses were reduced by as much as 20% when the mass flow ratio was in- 
creased from 0.57 to 1.0, at the Mach 0.8 cruise condition. As for the sin- 
gle scoop, Increased Inlet flow (reduced blockage) produced lower blade 
stresses. 

Annular Forward Inlet - The IP and 2P bending vibratory stress component 
plots for the inboard station of blade 1 are shown in Figures 22 and 23, re- 
spectively. These plots represent data for the annular inlet at 59.0 degree 
blade angle, 0.70 mass flow ratio, and 0.6, 0.7, and 0.8 Mach numbers. Also 
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5.3 (Continued) 

* 

shown are comparable stress data for no-inlet test cases. The annular inlet 
stresses are only slightly higher than the no-inlet stresses'. 

Blade to Blade Comparisons - The single scoop forward inlet configuration was 
selected to present blade to blade comparisons of the IP and 2P components at 
each of the four gage locations. Figures 24 to 27 show the results for IP 
stresses and Figures 28 to 31 show 2P results. Blade to blade stress compar- 
isons show excellent agreement, except for 2P stresses near the first mode 
critical speed. 

Significance of Inlet Induced IP Stress Response - The practical significance 
of the inlet induced IP blade stress response, for blade design considera- 
tions, is explained by introducing the concept of an equivalent excitation 
factor (EF). The concept of EF has been in use for many years to provide 
guidance for propeller design. It is used to isolate the effects of pure an- 
gular inflow and dynamic pressure on IP blade loads. Normalizing blade 
stress by EF allows different blade designs to be compared at a variety of 
operating conditions. A discussion of the importance of the EF concept to 
Prop-Fan design is given in Reference 3. 

The stress sensitivity (a/ EF) for the SR-3 model blade, that is the level 
of stress produced by a given excitation factor, was established during pre- 
vious testing. The inboard bending stress sensitivity (cr/EF) of the SR-3 
model Prop-Fan as a function of the shaft power was reported in Figures 4-12 
and 4-13 of reference 1. The tests were performed in the NASA-Lewis 8x6 foot 
wind tunnel and the blade stresses were produced by pure angular inflow. By 
relating the blade stress sensitivity to the IP stress response due to var- 
ious inlet configurations, the equivalent excitation factors were calculated 
for the inlet tests at design conditions (0.8 M, 0.81 MFR) . The resulting 
equivalent excitation factors for the no-inlet (tare stress), single scoop 
mid inlet, and single scoop forward inlet configurations are listed in Table 
IV. Also listed in Table IV are the averaged values of the equivalent exci- 
tation factors for each of the three configurations. 

The measured IP excitation factor (EF) for the no-inlet case (tare stress) is 
about 0.4. The single scoop forward inlet EF is about 3.1 and the mid-inlet 
EF is about 2.3. Normally, an angular phase difference exists between the 
inlet induced stress signals and the tare stress signals at like operating 
conditions. This was determined from oscillograph time histories of these 
signals. Therefore, the tare EF cannot be directly subtracted from the inlet 
induced EF. However, the results of vectorial ly subtracting the tare EF in- 
dicate that the net EF values are close to the as-measured values. 

The equivalent EF’s due to the inlet excitation alone can be compared with 
the design EF for a typical Prop-Fan aircraft application. The design or 
maximum EF for these typical study aircraft usually is in the range of 3.5 to 
5.0, which would be at a maximum gross weight climb condition. Typically, 
the EF at the cruise design condition would be somewhat lower. Comparing the 
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inlet EF's to design study aircraft EF's shows the inlet alone to represent a 
moderate stress environment for the Prop-Fan. 

It should be emphasized that aircraft design EF's are currently formulated 
without regard for inlet-induced stressing, using only wing, nacelle and 
climb condition related stressing. Therefore, the inlet is seen to produce a 
significant portion of the total design EF. It should also be noted that, 
since the inlet tests were performed at zero-degree Inflow angle, it can not 
be predicted if the effects of inflow angle, wing/nacelle upwash, and nacelle 
downtilt, among others, would be additive, or if these factors would have a 
moderating effect on the inlet induced IP excitations. These influences can 
be evaluated only by further testing of the model Prop-Fan using a full air- 
craft simulation, including a fuselage, wing, nacelle and operating inlet. 
Further, this testing should be performed at the climb operating condition, 
which usually represents the most severe excitation environment, in addition 
to testing at the more moderate cruise condition. 
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6.0 PREDICTION METHODS 


In order to calculate Prop-Fan blade stresses due to the presence of an in- 
let, three distinct analyses must be applied. First, the distortion to the 
uniform flow field which is induced by the inlet must be determined. Second, 
the airloads on the blade caused by the disturbed inflow are found. Finally, 
the structural response caused by the application of these airloads is cal- 
culated. 

The analysis methodology used in this study included predictions of the flow 
field, the steady and vibratory airloads, the deflected position of the blade 
in space, the blade mode shapes and natural frequencies, and the IP and 2P 
blade stress response. It is also described in References 1 and 2. 

After a preliminary review of the stress test data, three test points were 
selected to proceed with the analysis work. Two test points (Runs 35.2 and 
37.2) were for the single scoop mid-inlet condition, and test run 10.2 was 
for the single scoop forward Inlet condition. The operating conditions for 
these runs are listed in Table V. 

6.1 Flow Field Anal ysi s 

For each of the test points selected for the analysis, the Lockheed-Georgia 
Company (LGC) generated the flow field using the QUADPAN code, which accounts 
for the presence of the inlet on the nacelle and the inlet mass flow rate. 

The flow field data were produced in the form of axial velocity ratio 
(V*/V 0 ) which was azimuthally distributed (0 to 360°). These distribu- 
tions were produced at ten Gauss stations (radial distances) along the blade 
span. Figure 32 shows the flow field distributions at three Gauss stations 
for test run 37.2, which represents the single scoop mid-inlet configura- 
tion. The operating conditions are: 0.8 Mach number, 8415 rpm, and 0.81 

flow ratio. 

6.2 Calculation of Airloads 

Spanwise Load Distributions - The flow fields supplied by LGC were used as 
inputs to the Hamilton Standard (HSD) Prop-Fan aerodynamic analysis, embodied 
in computer code H337. This program is a strip analysis which employs a 
skewed wake vortex theory and was used to calculate the steady airloads, and 
the IP and 2P vibratory airloads. Out-of-plane and in-plane components of 
the airloads were output by the H337 program at each of the ten Gauss sta- 
tions along the blade span. Results of predicted chordwise steady airloads 
showed that out-of-plane components were about 25 to 45 percent higher than 
the in-plane components. The load distributions were biased towards the tip 
section and the load peaks for both components occurred between 75 to 88 per- 
cent of the blade span. 
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6.2 (Continued) 


For the calculated IP airloads, the out-of-plane load peaks occurred at about 
the mid-span (45 to 55 percent radius). The in-plane load peaks were biased 
towards the tip section (60 to 80 percent radius). The calculations showed 
that the magnitudes of the 2P loads were about one-half to one-third of the 
corresponding IP airloads. The 2P load distribution trends are similar to 
those for the IP load distributions. 

Chordwise Loads Distributions - The next step in the airloads analysis was to 
calculate the chordwise center of pressure along the blade span. Two types 
of center of pressure were needed, for both steady-state and cyclic air- 
loads. The steady state center of pressure (CP S s) is defined as the loca- 
tion at which, for an applied steady lift force (F), a quarter chord moment 
is produced. The cyclic (IP) center of pressure CP, P is defined as the lo- 
cation at which, for an applied IP lift force (AF) a IP quarter chord mo- 
ment is produced. Thus, 

(CP)ss = 0.25 - C m /C, (1) 

where: C m = steady state component of 1/4 chord moment coefficient 
Ci = steady state component of 1/4 chord lift coefficient 


and 

(CP)„p = 0.25 - C m /C; (2) 

where: C m and Ci , respectively, represent the nP components of 

the 1/4 chord moment and lift coefficients. 

The HSD strip analysis code HX45, in conjunction with LGC flow field, was 
used to determine the quarter chord moment and lift coefficients and hence 
the steady state and cyclic center of pressures from equations (1) and (2). 

The center of pressure was calculated at ten Gauss stations. The 1P and 2P 
center of pressure values were assumed to be identical. 

6.3 Distribution of Airloads 

The airloads which are calculated by the aerodynamic codes have to be dis- 
tributed on to the finite element model of the blade so that the response due 
to the airloads may be evaluated. The finite element model is briefly de- 
scribed in the next section. 

The HSD developed computer program FI 94 was used to distribute the airloads 
on to the finite element model shown in Figure 33. Basically, the input to 
the program includes the out-of-plane and in-plane aerodynamic loads (steady 
or vibratory) as discussed in the previous section, at the 10 Gauss sta- 
tions. The program < F 1 94) distributes the loads over the surface of the 
blade, determining the loads for the finite element nodes. 
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6.3 (Continued) 

For the SR-3 model, as shown in Figure 33, 16 grid lines were selected at 
which the loads were distributed. The loads were in the form of pressure 
loading. From these pressure loads, concentrated nodal loads were calculated. 

6.4 Calculation of Mode Shapes and Frequencies 

A finite element model of the swept blade, applicable to the MSC/NASTRAN pro- 
gram, was developed. As shown in Figure 33, the blade geometry was described 
by 346 CTRIA3 elements, and there were 206 grid points. 

The first step in the calculation procedure was to determine the blade stiff- 
ness. To accomplish this, the steady airloads, which were discussed in the 
previous section, and the centrifugal force field due to blade rotation, were 
applied at the nodes of the blade model. The blade stiffness was then 
calculated using the non-linear capability of NASTRAN via solution 64 (rigid 
format 64). The solution procedure involved a Newton-Raphson iteration, with 
a geometry update until the equilibrium was satisfied. 

Upon completion of the iteration within rigid format 64 of MSC/NASTRAN, the 
incremental stiffness matrix was saved on magnetic tape. The incremental 
stiffness matrix was the stiffness matrix which is used to examine small 
(linear) perturbations about the steady-state deflected position. It includ- 
ed the basic elemental structural stiffness and the differential representing 
the additional stiffness due to the fact that the blade was in a centrifugal 
field. However, the matrix output from NASTRAN does not recognize that the 
magnitudes of the load vectors on the model's mass points change as the 
points vibrate about the steady-state position. This effect can be explained 
as follows. Consider an element of mass under the influence of a centrifugal 
field. There is a radial force acting on this mass equal to 'mrw 2 ' where 
1 r' is the radius from the center of rotation. If the mass is allowed to de- 
flect outward, then there will be an increase in the centrifugal force due to 
the increase in radius, 1 . e . : 

AF = mu 2 Ar (3) 

Since the increment in the force is in the same direction as the displacement 
(instead of a restoring force), it is equivalent to a negative stiffness, 
thus : 

(rad i at = -(AF/Ar) = -fTlU 2 (4) 

It can also be shown that the same effect is present in the tangential direc- 
tion, hence: 
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6.4 (Continued) 


The inclusion of these terms in the stiffness matrix was necessary to produce 
accurate results. Since the new terms are proportional to the mass matrix, 
just as the inertia terms are in a vibration problem, it is clear that their 
importance depends upon the relationship between the frequency of vibration 
and the rotational speed. The lower the frequency of vibration, the more im- 
portant these terms are. At high frequencies the inertia terms dominate and 
the negative in-plane stiffness terms were less important. This negative 
in-plane stiffness matrix was added to the incremental stiffness matrix using 
a program modification (DMAP alter) in rigid format 64 of MSC/NASTRAN. The 
resulting stiffness matrix was then saved on magnetic tape. 

The blade frequencies and mode shapes were calculated using the real Eigen- 
value solution, NASTRAN rigid format 3. The resulting blade frequencies were 
plotted against the Prop-Fan speed to provide a Campbell diagram, shown in 
Figure 7. 

6.5 P-order Stress Calculation 

Both the IP and 2P vibratory stresses were calculated. For the IP stress 
calculation, the IP airloads were distributed on to the grid points of the 
finite element model via computer code FI 94. Using the deflected shape of 
the blade, previously calculated by NASTRAN solution 64, input to the NASTRAN 
rigid format 26 was prepared. The IP elemental stresses were then calculated 
using the frequency response capability of solution 26. To calculate the 2P 
elemental stresses, the foregoing IP procedure was repeated with the 2P air- 
loads applied to the model. 

6.6 Gage Stresses 

The NASTRAN calculation provided the elemental stresses for the blade finite 
element model. As discussed previously, the strain gages were installed on 
the camber side of the blade. Hence, the next step in the calculation proce- 
dure was to transform the elemental stresses into surface stresses so that 
the predicted stresses could be compared with the experimental stresses. 

This was accomplished by using a Hamilton Standard developed post-processor 
code. The predicted blade stresses are discussed in the next section. 
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7.0 DISCUSSION OF PREDICTED RESULTS AND COMPARISONS WITH TEST 


Discussed In this section are the predicted blade modal frequencies/mode 
shapes, and the P-order vibratory stresses. The blade frequencies are pre- 
sented in the form of a Campbell diagram. The IP and 2P stress contours for 
each of the three test points, which were plotted by the MOVIEBYU computer 
program, are also shown. The predicted results are compared with the corres- 
ponding test results. 

7.1 Modal Frequencies 

The predicted Campbell diagram of the SR— 3 model Prop-Fan is shown in Fig- 
ure 7. The frequencies for six modes are plotted as a function of the Prop- 
Fan rotational speed. The three-quarter radius blade angle (Ba^) used in 
the analysis was about 57 degrees with the effects of airloads and centrifu- 
gal loads included. The stiffening effect of the centrifugal loads on the 
blade natural frequencies is evident from the Campbell diagram. 

Superimposed on Figure 7 are the blade test frequencies (at 6801, 7000, and 
8454 rpm) which were obtained from the spectral plots. The NASTRAN calcu- 
lated first mode natural frequencies at these three Prop-Fan speeds are about 
5 percent lower than the corresponding measured modal frequencies. The agree- 
ment between the predicted and test frequencies for the second and third modes 
is very good. The 4th and 5th mode test frequencies are about 4 to 6 percent 
lower than the predicted frequencies, but this is considered to be of second 
order significance. This agreement indicates that the dynamic characteris- 
tics of the Prop-Fan blade are properly represented by the finite element 
model of the blade. 

Also shown on Figure 7 are the p-order frequency lines. An examination of 
the blade Campbell diagram shows that within the test speed range of 4244 rpm 
to 8550 rpm, the 2P excitation frequency Is in resonance with the predicted 
first mode frequency at about 5600 rpm. At 6100 rpm, the first mode response 
is primarily caused by the 2P excitation, with lesser contributions being 
made by the IP excitation. That is, the dynamic magnification of the 2P re- 
sponse should be significantly higher than the IP response. Note that at 
6100 rpm, the second mode response is primarily due to the 4P excitation, and 
the third mode response due to the 6P excitation. 

As the Prop-Fan rotational speed was increased, the contributions to the 
first mode response due to the IP excitation began to increase and the 2P ex- 
citation contributions decreased. Based upon a single degree of freedom 
(SD0F) undamped-model analysis, the dynamic amplication factor ratios of 
2P/lst mode response to the corresponding IP response at 6100 rpm, 7015 rpm, 
and 8450 rpm were 4.9, 3.6, and 1.3, respectively. This simple illustration 
shows that at the upper end of the test speed (i.e., far-away from the first 
mode critical speed), the 2P response should be significantly lower than the 
response near the critical speed. 
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The six predicted mode shapes, showing contours of displacements normal to 
the plane of the paper (developed blade planform), are shown in Figure 34. 

The displacements are well defined, and the contours are smooth. These mode 
shapes correspond to test run 35.2 at 7015 rpm. 

7.2 Stress Contours 

The MOVIEBYU computer program was used to plot the predicted IP and 2P stress 
contours. For each of the prediction points (runs 35.2, 37.2, and 10.2), 
stress contours are plotted. The stress contours represent the principal 
stresses at the camber side of the blade. The IP stress contours for runs 
35.2, 37.2, and 10.2 are shown respectively in Figures 35, 36, and 37. The 
corresponding 2P stress contours are shown in Figures 38, 39, and 40. In 
each case, the maximum predicted stresses occurred near the inboard region of 
the blade. This prediction was corroborated by experimental stress measure- 
ments, previously discussed. 

7.3 P-Order Stress Comparisons 

The predicted IP and 2P stress components at the inboard position 
(r/R = 0.36), for each of the three prediction points (runs 35.2, 37.2, and 
10.2), are shown in Table V. The operating conditions are also listed. For 
comparison, the measured test stresses are also included in Table V. 

Reviewing the results of Table V, reveals that the predicted IP stresses are 
27 to 41 percent lower than the IP experimental stresses. The 2P predicted 
stresses are 46 to 74 percent lower than the 2P test stresses. The compari- 
sons are poorest near the first critical speed, as explained in the following 
paragraphs. 

In order to understand the cause of the difference between the predicted and 
experimental stresses, dynamic magnification factors were calculated for each 
of the analysis points. Structural damping effects were not included in the 
NASTRAN model. The NASTRAN predicted dynamic magnification factors (MF) were 
obtained by the ratio of the P-order stress components at IP or 2P frequen- 
cies to those stress components obtained at 0.1 Hz frequency, thus: 

MF = (IP stress response)/(0. 1 Hz stress response) (6) 

The tested magnification factors described in Section 7.1 were obtained using 
the single degree of freedom (SD0F) model, thus: 

MF = 1 /Cl - («/«„)*] (7) 

where u is the IP or 2P frequency, and u„ is the measured first mode 
frequency. The resulting MF are listed in Table VI. Also listed in Table VI 
are the calculated MF, which were also obtained from equation (7) with &>„ 
being the' NASTRAN calculated first mode frequency. 
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7.3 (Continued) 


Review of the contents of Table VI shows that for all three test points, the 
experimental dynamic magnification factors for the IP response are about 0.97 
times the values of the corresponding NASTRAN calculated dynamic magnifica- 
tion factors. This shows that even though the calculated first mode fre- 
quency was about 5 percent lower than the test frequency, its effect on the 
resulting test and calculated dynamic magnification factors for the IP re- 
sponse was Insignificant. However, the cause of the underprediction of the 
IP stresses is not clear. 

The experimental dynamic magnification of the 2P response, however, was sig- 
nificantly higher than the NASTRAN predicted values. The comparison deteri- 
orates as the first mode/2P critical speed is approached. For example at 
8415 rpm, the test MF was 1.57 times the NASTRAN calculated MF; at 7015 rpm 
the ratio was 1.83, and at 6808 rpm the ratio Increased to 2.62. The fore- 
going results indicate that near the critical speed, the NASTRAN analysis had 
significantly underpredicted the dynamic magnification factor for the 2P re- 
sponse and hence, lower 2P stresses. 

Comparisons of the predicted IP and 2P stress components, at the three blade 
bending gage positions (inboard-blade, mid-blade, and tip), with the experi- 
mental stresses of test runs 35.2, 37.2, and 10.2, are shown in Figures 41, 
42, and 43, respectively. Here again, the measured stresses were signifi- 
cantly higher than the calculated stresses, with the IP comparisons better 
than the 2P comparisons. 

Some of the differences between the measurements and the predictions may be 
due to small variations in the actual positioning of the strain gages on the 
blade and the corresponding position used for calculations with the NASTRAN 
model. The flow field calculation procedure and the subsequent airload cal- 
culation procedure may also require further Investigation to improve the cor- 
relation between test and theory. 

Comment on Underpredictions of P-order Stresses - Test run 37.2 (0.8 Mach 
number, 8417 rpm, 0.81 mass flow ratio) from Table V represents a data point 
for the single scoop mid-inlet at which the blade stresses were not influ- 
enced by the first mode critical speed. Also, this case approximately repre- 
sented the design cruise condition. 

For this case, the measured test IP stress amplitude was 1.57 times larger 
than the predicted IP stress, and the 2P test stress was 1.85 times larger 
than the predicted 2P stress. These two factors (1.57 and 1.85) are suffi- 
ciently close so that it can be argued that the tested and predicted stres- 
ses, at the design condition, differ by an average constant factor of about 
1.7. For the other two prediction cases (runs 35.2 and 10.2) shown in Table 
V, which represent off-design 0.6 Mach number conditions for the single scoop 
mid and forward inlets, respectively, this factor also holds for the IP re- 
sponse. The mid-inlet factor is 1.69 and the forward inlet factor is 1.36. 
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The rotational speeds for these cases were close to the 2P/first mode criti- 
cal speed, so that the 2P predictions were not as good as discussed earlier. 
However, away from the influence of the 2P response, the correction factor of 
1.7 is consistent with the design case, above. This empirical factor (1.7), 
therefore, could be used to estimate the blade vibratory stresses for other 
Prop-Fan design studies. 

It should be noted that this factor is higher than the factor of 1.4, which 
was used in previous design studies, and was based on past IP angular inflow 
tests and analyses. The reasons for this are not clear and require further 
study. 
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8.0 CONCLUSIONS 


Based upon the analysis of an extensive wind tunnel test data bank and three 
prediction points, as discussed in this report, the following conclusions are 
drawn about the SR-3 model Prop-Fan with simulated engine inlets. 

1. The inlet was identified as an important source of dynamic excitation 
for Prop-Fans. Measured blade vibratory stresses due to the inlet were 
significantly higher than the stresses without the inlet. 

2. The single scoop forward inlet produced the highest IP stress. Blade 
stresses due to the single scoop mid-inlet were lower than the forward 
Inlet, establishing that an increased blade/inlet distance reduced blade 
exci tation. 

3. Increased Inlet flow lowered the blade stresses for all Inlets. 

4. Due to resonances in the test operating range, Prop-Fan rotational speed 
was identified as an important test parameter. The tunnel speed and 
blade angle effects on the blade vibratory stresses were found to be 
smal 1 . 

5. The single and twin scoop inlets excited considerable 2P stress response 
near the first mode critical speed. In this region, the 2P stress re- 
sponse was an order of magnitude or more higher than the IP response. 

The 2P stresses for the twin scoop were the highest among all inlets. 
Away from the critical speed, 2P stresses were greatly reduced. This 
effect must be considered in the design of an integrated Prop-Fan air- 
frame and powerplant. 

6. The annular inlet stresses were only slightly higher than the no-inlet 
tests. 

7. Predicted and experimental modal frequencies showed good correlation in- 
dicating that the structural model accurately represents the dynamic 
characteristics of the Prop-Fan blade. 

8. The measured IP and 2P blade stresses were underpredicted. Underpredic- 
tion of IP stresses was moderate and fairly consistent. The 2P predict- 
ed stresses were significantly lower than the experimental 2P stresses. 
The correlation was the poorest near the first critical speed and showed 
improvement when the model was operated farther away from the critical 
speed. 

9. The tested IP magnification factors were well predicted by NASTRAN. The 
tested dynamic magnification factors near the 2P/ 1st critical speed were 
higher than those obtained from NASTRAN calculations, probably due to 
small differences between the tested and calculated frequencies. Thus, 
small differences in frequency may cause greater differences between 
tested and predicted 2P stress values. 
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8.0 (Continued) 

10. An empirical correction factor of 1.7 to the IP and 2P predictions was 
found to provide consistently acceptable results, away from the influ- 
ence of the 2P/first mode critical speed. 
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9.0 RECOMMENDATIONS 


Future effort should be directed toward more completely characterizing the 
effects of the inlet on Prop-Fan blade stresses. This includes understanding 
isolated inlet effects, as well as the interaction of the inlet with the en- 
tire powerplant/airframe installation. Part of this effort should be to un- 
derstand why the analysis underpredicted the blade vibratory stresses. Addi- 
tionally, model wind tunnel tests will be required to investigate the complex 
issues involving the flowfield of an actual Prop-Fan installation. 

Study of prediction methods in the following three areas is needed: 

1 ) Flow field 

2) Blade aerodynamic loads 

3) Blade FEA model 

This study should be conducted as follows: 

• Flow Field - The currently applied method does not have transonic 
capability. Therefore, calculations should be performed using a 
full potential field equation method, such as the Euler Code or the 
Boppe Code (Grumman). 

• Blade Aerodynamic Loads - Investigate the availability of a 
3-dimensional lifting surface unsteady loads theory, and improved 
lifting line methods. 

• Blade FEA Model - An experimental stress analysis (ESA) should be 
conducted for the SR-3 model blade, and the results compared to FEA 
calculations to validate the analysis. 

Wind tunnel tests should be performed with both single rotation and counter 
rotation Prop-Fan models installed on a simulated fuselage/wing/nacelle/inlet 
model. Previous Prop-Fan/wing studies have neglected the operation of the 
inlet when investigating installed overall drag and performance, as well as 
blade structural response. A series of flexible tests should be conducted 
where a variety of wing, nacelle and inlet geometries can be studied in order 
to optimize the installed Prop-Fan performance and structural response. 
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SYMBOLS 


Ao 

At 

Cp 

CP, 

C, 

On 

c; 

c 

D 

EF 

F 

J 

K 

m 

M 

MF 

MFR 

n 

P 

r 

R 

rpm 

SHP 


Area required to pass Inlet air at freestream conditions 

Inlet throat area 

Power Coefficient = P/pn 3 0 s 

Center of pressure 

Steady state component of 1/4 chord lift coefficient 
Steady state component of 1/4 chord moment coefficient 
Vibratory component of 1/4 chord lift coefficient 
Vibratory component of 1/4 chord moment coefficient 
Rotor Diameter, m (ft) 

Excitation Factor « ¥(V E /348) 2 
Blade elemental force, kg m/s 2 
Advance ratio ® V/nD 
Blade elemental stiffness, kg/s 2 
Blade elemental mass, kg 
Mach Number 
Magnification factor 
Mass Flow Ratio - A 0 /A T 

Prop-Fan Rotational Speed, Revolutions Per Second 

Shaft Power, kW 

Blade Radial Station, m 

Blade Tip Radius, m 

Revolutions Per Minute 

Shaft Horse Power 
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SYMBOLS (Continued) 


V True Air Speed, m/s (FPS) 

V E Equivalent Air Speed = V r ^p/p <>, Knots 

V 0 Free-stream Air Speed, m/s 

V T True Air Speed, Knots 

V 2 Axial Air Speed in Prop-Fan Plane, m/s 

X Average of Peak Vibratory Stress Amplitudes, kPa 

B(]/4) Blade Angle at 3/4 Radius, Degrees 

p Air Density, kg/m 3 

Inflow angle, degrees 

a Standard deviation of Peak Vibratory Stress Amplitudes, kPa 

(a Frequency, Hz 

Angular velocity, radians/second 

Un Natural Frequency, Hz 

IP Frequency = One Cycle Per Propeller Revolution 

nP Integer Multiples of IP Frequency 

Zf Number 

SI units of measurement used throughout, unless specified otherwise. 
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TABLE I. SUMMARY OF TESTED PARAMETERS 



RANGE OF TEST PARAMETERS 

TYPE 

M 

0<DEG> 

RPM 

MFR 

SS FWD 

0.4. 0.6, 0.7. o.a 

57.8, 59.0 

4295-8417 

0.81, 0.97 

SS MID 

0.6, 0.7, 0.8 

58.0, 59.2 

4496-8410 

0.81, 0.97 

TS FWD 

0.6, 0.7, 0.8 

58.3, 59.1 

4382-8505 

0.0, 0.57, 0.75. 1 .0 

A FWD 

0.6, 0.7, 0.8 

58.1. 59.0 

4212-8210 

0.7, 0.86 

NO INLET 

0.6, 0.7. 0.8 

58.0, 59.0 

4244-8454 



NOTE: 

SS FWD 
SS MID 
TS FWD 
A FWD 

SINGLE SCOOP FORWARD INLET 
SINGLE SCOOP MID INLET 
TWIN SCOOP FORWARD INLET 
ANNULAR FORWARD INLET 
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•USED FOR CORRELATION WITH PREDICTIONS 








































TABLE III. MAX. VIBRATORY INBOARD BENDING TEST STRESSES FOR VARIOUS INLETS 


TYPE OF INLET 

M 

0* 

(DEG) 

MFR 

RPM 

TEST NO. 

TOTAL 

STRESS 

±kPa 

(±PSI) 

IP 

STRESS 
±kPa 
(± PSI) 

2P 

STRESS 
ikPa 
(± PSI) 

SINGLE SCOOP 

0.8 

37.8 

0.81 

8392 

1 1 .7 

22890 

1261 1 

7820 

FORWARD 






(3320) 

(1829) 

(1134) 

(SSFWD) 

0.8 

37.8 

0.81 

6221 

1 1 .5 

126506 

8713 

1 08738 







(18348) 

(1264) 

(15771) 

SINGLE SCOOP 

0.8 

S8.0 

0.81 

8204 

37.3 

14188 

8996 

4971 

MID (SSMID) 






(2057) 

(1305) 

(721) 


0.8 

58.0 

0.97 

61 tO 

27.1 

7631 1 

6309 

61226 







(1 1097) 

(944) 

(8880) 

TWIN SCOOP 

0.6 

38.3 

0.75 

6927 

40.4 

24710 

3413 

17900 

FORWARD 






(3384) 

(493) 

(2596) 

(TSFWD) 

0.8 

38.3 

0.0 

6127 

42.1 

187249 

1834 

173487 







(271 58) 

(266) 

(23162) 

ANNULAR 

0.6 

39.0 

0.86 

6432 

215.3 

13533 

3689 

8715 

FORWARD 






(1963) 

(533) 

(1264) 

(AFWD) 

0.6 

39.0 

0.86 

6234 

215.4 

1 7209 

2840 

1 2032 







(2496) 

(412) 

(1748) 

NO-INLET 

0.7 

38.0 


7653 

23.2 

6550 

2S24 

1930 







(050) 

(366) 

(283) 


0.8 

59.0 


3981 

21.1 

1 5472 

1393 

9963 







(2244) 

(202) 

(1445) 


IP MAX 
2P MAX 

IP MAX 
2P MAX 

IP MAX 
2P MAX 

IP MAX 
2P MAX 

IP MAX 
2P MAX 



TABLE IV. EQUIVALENT EXCITATION FACTORS SR-3 INBOARD BENDING 
STRESSES 

(0.8M, 0.81MFR) 


Inlet 

Type 

Test 

No. 

03/4 

(Deg) 

RPM 

SHP 

a/EF 

(from 

the 

Ref.) 

IP 

Stress 
( ± psi) 

(EF) eq 

Averaged 

(EF) eq 

No inlet 

21.4 

59.0 

7770 

321 

520 

234 

0.45 

mam 


[ 

21.3 

1 

7961 

367 

530 

234 

0.44 

JEM 


r 

21.2 


8165 

429 

545 

237 

0.43 

■MM 

Single 

34.4 

59.2 

7764 

325 

520 

1281 

2.46 


scoop 

34.3 

1 

7959 

365 

530 

1317 

2.48 


(mid) 

34.2 

t 

8153 


546 

1184 

2.17 

o Oil 



37.4 



273 

512 

1119 





37.3 

1 

8204 

389 

537 






37.2 

t 


450 

552 

1269 



Single 

15.4 

59.0 

7674 

316 

520 

1582 

3.04 


scoop 

15.3 

1 

7876 

363 


1574 

2.97 


forward 

15.2 

♦ 

WMM 

411 

541 

1771 

3.27 




11.9 

57.8 


337 

525 

1472 

2.80 

3.12 



11.8 

1 

wmm 

392 

537 

1732 

3.23 




11.7 

i 

8392 

451 

552 

1829 

3.31 




11.6 

t 

8417 

424 

545 

1770 

3.25 
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TABLE V. COMPARISON OF PREDICTED AND TEST INBOARD BENDING STRESSES 
(IP AND 2P) 


TEST 

NO. 

LOCATION 
OF SINGLE 
SCOOP 
INLET 

MACH 

NO. 


MASS 

FLOW 


IP STRESS ± kPa 

2P STRESS ± kPa 

RPM 

(MFR) 

SHP 

TEST 

PREDICTION 

TEST 

PREDICTION 

3S.2 

MID 

0.6 

7015 

0.81 

376 

466V 
(676 PSI) 

2758 
(400 PSI) 

7743 

(1 123 PSI) 

2275 
(330 PSI) 

37.2 

MID 

0.8 

841 5 

0.81 

357 

8246 

(1196 PSI) 

5254 
(762 PSI) 

2358 
(342 PSI) 

1276 

(185 PSI) 

10.2 

FWD 

fl 

6808 

0.825 

360 

4751 

(689 PSI) 

3482 
(505 PSI) 

17789 
(2580 PSI) 

4585 
(665 PSI) 


TABLE VI. COMPARISON OF TEST AND NASTRAN USED DYNAMIC RESPONSE 
MAGNIFICATION FACTORS 


TEST 

POINT 

PROP- 

FAN 

SPEED 

RPM 

IP 

FREQ. 

(HZ) 

2P 

FREQ. 

(HZ) 

1ST MODE 
FREQ. 
(HZ) 

MAGNIFICATION 
FACTOR (MF). 
IP-RESPONSE 

MF, 

2P-R ESPONSE 

TEST 

CALC 

TEST 

(SOOF) 

CALC 
(SDOF ) 

from 

NASTRAN 

TEST 

(SDOF) 

CALC. 

(SDOF) 

FROM 

NASTRAN 

35.2 

701 5 

1 1 6.9 

233.8 

21 4.3 

204.7 

1.42 

1.48 

1.46 

5.25 

3.28 

2.87 

37.2 

841 0 

1 40.2 

280.4 

228.6 

21 5.0 

1 .60 

1 .74 

1.67 

1.98 

1 .43 

1.26 

1 0.2 

6808 

1 1 3.5 

227.0 

21 5.0 

203.0 

1.39 

1.45 

1 .42 

8.77 

4.01 

3.35 
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B) TWIN-SCOOP INSTALLATION 


FIGURE 2. SR-3 PROP-FAN/INLET INSTALLATIONS IN THE UTRC WIND TUNNEL 
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35.3 36.1 

RUN NUMBER 


FIGURE 4. BRUSH CHART SAMPLE, TEST RUN 35. 2(M=0.6, 7015 RPM, 0.81 MFR) 
SINGLE SCOOP MID-INLET 
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•1 PSI *6.893 kPa 


FREQUENCY 


FIGURE 5. SPECTRAL PLOT OF INBOARD BENDING GAGE (BLADE 1), TEST RUN 35.2 
(M-0.6. 7015 RPM, MFR-0.81 . /3®58°) SINGLE SCOOP MID-INLET 



Oft&INAL 
©F POOR 


m 


BLADE #1 



GAGE # 
1 


3 


4 


6 


FIGURE 6. VISICORDER PLOT, TEST RUN 35.2 

(M=0.6, 7015 RPM, 0.81 MFR) SINGLE SCOOP MID-INLET 


44 




Blade Angle = 58.5 ± 0.5 Deg, MFR = 0.81 
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FIGURE 8. COMPARISON OF INLET TEST RESULTS - SINGLE FORWARD, TWIN FORWARD 
SINGLE MID, ANNULAR AND NO-INLET CONFIGURATIONS. 
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0-6 0.7 0.8 0.9 1.0 

PROP-FAN SPEED - RPM *10 4 

FIGURE 9 COMPARISON OF INLETS 
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SR-3 PROP-FAN BLADE TOTAL VIBRATORY STRESSES 
UTRC 8-FT WIND TUNNEL TEST DATA 
SINGLE SCOOP HID INLET 


125 


8LADE ANGLE = 53.5 DEG , HASS FLOW RATIO = 0.81 
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VIB STRESS 
+HPA 
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#= 0.8 
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9000. 
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FIGURE 11. INBOARD BENDING (BG1-1) VS. PROP-FAN SPEED 

SR-3 PROP-FAN BLADE TOTAL VIBRATORY STRESSES 
UTRC 8-FT WIND TUNNEL TEST DATA 
SINGLE SCOOP HID INLET 



SPEED - RPH 


FIGURE 12. MID BLADE BENDING (BG1-3) VS. .PROP-FAN SPEED 


49 





SR-3 PROP-FAN 8LA0E TOTAL VIBRATORY STRESSES 
UTRC 8-FT WIND TUNNEL TEST DATA 
SINGLE SCOOP HID INLET 

BLADE ANGLE = 58.5 DEG > MASS FLOW RATIO = 8.31 
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FIGURE 13. MID BLADE TORSION (BG1-4) VS. PROP-FAN SPEED 

SR-3 PROP-FAN BLADE TOTAL VIBRATORY STRESSES 
UTRC 8-FT WIND TUNNEL TEST DATA 
SINGLE SCOOP MID INLET 


BLADE ANGLE = 58.5 DEG , MASS FLOW RATIO = 0.81 
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FIGURE 14. TIP BENDING (BGt-6) VS. PROP-FAN SPEED 
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FIGURE 15. COMPARISON OF BLADE 1 AND BLADE 3 TOTAL VIBRATORY INBOARD 
BENDING STRESS 
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PROP-FAN SPEED - RPM 


FIGURE 19. EFFECT OF PROP-FAN ROTATIONAL SPEED AND INLET FLOW 
ON INBOARD BENDING 2P STRESS OF BLADE #1 (SINGLE 
SCOOP FORWARD INLET, 3=57.8° AND 59.0°) 





























IP VIB. 8TRE8S - ± MPa 


INBOARD BENDING 
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MFR=0.7 
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FIGURE 22. COMPARISON OF ANNULAR INLET AND NO-INLET IP VIBRATORY STRESSES 
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FIGURE 23. COMPARISON OF ANNULAR INLET AND NO-INLET 2P VIBRATORY STRESSES 









SR-3 PROP-FAN BLADE IP UIBRATORY STRESSES 
UTRC 8-FT WIND TUNNEL TEST DATA 
SINGLE SCOOP FORWARD INLET 

8LADE ANGLE = 58.5 DEG , MACH NUMBER = 0.8 
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FIGURE 24. INBOARD BENDING VS. PROP-FAN SPEED 

SR-3 PROP-FAN BLADE IP UIBRATORY STRESSES 
UTRC 8-FT WIND TUNNEL TEST DATA 
SINGLE SCOOP FORWARD INLET 

„ BLADE ANGLE = 58.5 DEG , MACH NUMBER = 0.8 
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FIGURE 25. MID BLADE BENDING VS. PROP-FAN SPEED 











SR-3 PROP-FAN BLADE 2P UIBRATORY STRESSES 
UTRC 8-FT WIND TUNNEL TEST DATA 
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FIGURE 28. INBOARD BENDING VS. PROP-FAN SPEED 

SR-3 PROP-FAN BLADE 2P UIBRATORV STRESSES 
UTRC 8-FT WIND TUNNEL TEST DATA 
SINGLE SCOOP FORWARD INLET 
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FIGURE 29. MID BLADE BENDING VS. PROP-FAN SPEED 
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SR-3 PROP-FAN BLADE 2P UIBRATQRY STRESSES 
UTRC 8-FT WIND TUNNEL TEST DATA 
SINGLE SCOOP FORWARD INLET 

BLADE ANGLE = 58.5 DEG * MACH NUMBER = 8.8 
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FIGURE 30. MID BLADE TORSION VS. PROP-FAN SPEED 

SR-3 PROP-FAN BLADE 2P VIBRATORY STRESSES 
UTRC 3-FT WIND TUNNEL TEST DATA 
SINGLE SCOOP FORWARD INLET 

.... BLADE ANGLE = 58.5 DEG , MACH NUMBER = 8.8 
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FIGURE 31. TIP BENDING VS. PROP-FAN SPEED 
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0.76 







FIGURE 33. SR-3 FINITE ELEMENT MODEL 
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4TH.761HZ STH, 913 HZ 6TH, 1017 HZ 


FIGURE 34. PREDICTED MODE SHAPES AT 7015 RPM, TEST RUN 35.2 
(M=0.6, 7015 RPM, 0.81 MFR) 


65 


CONTOUR VALUES 
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FIGURE 35. SR-3 MID INLET TEST 35.2: PREDICTED IP STRESS CONTOURS 
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FIGURE 36. SR-3 MID INLET TEST 37.2: PREDICTED IP STRESS CONTOURS 



CONTOUR VALUES 
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FIGURE 37. SR-3 FWD INLET TEST 10.2: PREDICTED IP STRESS CONTOURS 
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FIGURE 38. SR-3 MID INLET TEST 35.2: PREDICTED 2P STRESS CONTOURS 




CONTOUR VALUES 



FIGURE 39. SR-3 MID INLET TEST 37.2: PREDICTED 2P STRESS CONTOURS 
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FIGURE 40. SR-3 FWD INLET TEST 10.2: PREDICTED 2P STRESS CONTOURS 
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FIGURE 41. TEST VS. PREDICTED BENDING STRESSES FOR SINGLE SCOOP 
MID INLET 
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IP a 2P BENDING STRESS 



FIGURE 42. TESTED VS. PREDICTED BENDING STRESSES FOR SINGLE SCOOP 
MID INLET 
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FIGURE 43. TESTED VS. PREDICTED BENDING STRESSES FOR SINGLE SCOOP 
FORWARD INLET 
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APPENDIX 


The appendix includes the operating conditions (table A-I), the total vibra- 
tory stresses (table A-I I ) and the P-order stresses (tables A-I I I to A-VII) 
for all the test points. 

The data tables contain zero entries that indicate that no test data were 
available for those test points. 


The tables are organized as follows: 


Table No. 


Title 


A-I 
A-I I 
A— III 
A-I V 
A -V 
A-VI 
A-VII 


Operating Conditions: SR-3 Inlet Tests 

Total Vibratory Stresses (X + 2a): SR-3 Inlet Tests 

P-Order Stresses: Single Scoop Forward Inlet 

P-Order Stresses: Single Scoop Mid-Inlet 

P-Order Stresses: Twin Scoop Forward Inlet 

P-Order Stresses: Annular Forward Inlet 

P-Order Stresses: No-Inlet 
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TABLE A-l. OPERATING CONDITIONS FOR SR-3 INLET TESTS AT UTRC WIND TUNNEL 


Run 

MACII. 

BLADE 

PROP 

SHAFT 

POWER 

FREE 

STREAM 

PARAMETERS 

No. 

No. 

ANGLE 

SPEED 

HORSE 

COEFF 






(M) 

(deg) 

(rpra) 

power 

(shp) 

<cp) 

V 

ft/sec 

RHO 

P 

(psf ) 

t 

F° 








Ibs-sec ^ 










ft 4 




6.3 

.41 

57.8 

5698 

301.4 

2.46693 

447.3 

.00217 

1876.9 

61.71 

6.4 

.41 

57.8 

5499 

263.7 

2.40261 

446.7 

.00217 

1877.7 

62.19 

6.5 

.40 

57.8 

5303 

230.7 

2.34153 

441.6 

.00217 

1883.1 

62.61 

6.6 

.40 

57.8 

5101 

198.5 

2.26451 

441.2 

.00217 

1883.9 

63.06 

7.2 

.61 

57.8 

6900 

378.1 

1.96206 

664.3 

.00193 

1640.8 

73.71 

7.3 

.60 

57.8 

6701 

328.9 

1.87251 

663.1 

.00192 

1645.2 

77.49 

7.4 

.61 

57.8 

6506 

277.3 

1.73873 

668.9 

.00190 

1640.5 

80.72 

8.1 

.71 

57.8 

5331 

-5.542 

-.06852 

777.9 

.00175 

1506.5 

91.83 

8.2 

.71 

57.8 

7645 

403.1 

1.70473 

779.7 

.00174 

1509.6 

97.58 

8.3 

.71 

57.8 

7449 

350.8 

1.60788 

780.5 

.00173 

1509.9 

99.04 

8.4 

.71 

57.8 

7252 

300.4 

1 . 49786 

783.8 

.00173 

1506.7 

100.27 

9.1 

.81 

57.8 

6205 

-9.198 

-.07931 

886.3 

.00159 

1372.6 

107.90 

9.2 

.81 

57.8 

8560 

437.6 

1.47270 

896.3 

.00155 

1373.7 

122.00 

9.3 

.81 

57.8 

8454 

425.0 

1.45478 

889.3 

.00159 

1369.6 

109.22 

9.4 

.81 

57.8 

8278 

382.5 

1.39293 

888.5 

.00159 

1369.9 

108.56 

9.5 

.81 

57.8 

8050 

330.1 

1.30413 

886.9 

.00159 

1371.3 

107.80 

10.1 

.61 

57.8 

4369 

-5.232 

-.10290 

653.2 

. 00200 

1661.7 

59.96 

10.2 

.61 

57.8 

6802 

363.8 

1.92559 

659.9 

.00197 

1659.6 

67.66 

10.3 

.60 

57.8 

6609 

302.0 

1.78854 

664.0 

.00192 

1666.8 

83.08 

10.4 

.61 

57.8 

6403 

249.1 

1.63187 

672.7 

.00191 

1656.4 

83.84 

11.1 

.71 

57.8 

5304 

-8.544 

-.10596 

777.1 

.00177 

1524.3 

91.63 

11.2 

.71 

57.8 

7596 

390.2 

1.66663 

783.5 

.00175 

1521.1 

97.10 

11.3 

.71 

57.8 

7403 

344.0 

1.58980 

781.1 

.00175 

1526.8 

99.52 

11.4 

.71 

57.8 

7201 

285.6 

1.44137 

784.2 

.00174 

1524.6 

101.69 

11.5 

.81 

57.8 

6258 

-14.56 

-.12219 

894.0 

.00159 

1381.7 

111.71 

11.6 

.80 

57.8 

8413 

424.3 

1.46763 

888.2 

.00159 

1395.3 

116.43 

12.1 

.81 

57.8 

8397 

446.3 

1.52025 

882.8 

.00163 

1386.7 

101.85 

12.2 

.81 

57.8 

8204 

396.6 

1.45266 

884.2 

.00162 

1386.8 

103.48 

12.3 

.81 

57.8 

8009 

338.5 

1.33653 

887.5 

.00162 

1382.3 

103.83 

13.1 

.61 

59.0 

4264 

-3.895 

-.08440 

665.4 

.00195 

1660.3 

72.62 

13.2 

.60 

59.0 

6670 

363.6 

2.08244 

664.8 

.00193 

1667.4 

80.48 

13.3 

.61 

59.0 

6480 

312.6 

1.96706 

669.1 

.00192 

1664.3 

83.53 
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RUN 

M 

? 

rpm 

SHP 

Cp 

V 


P 

t 

13.4 

.61 

59.0 

6273 

263.3 

1.83542 

672.5 

.00191 

1661.6 

85.67 

14.1 

.71 

59.0 

5041 

- 5.623 

-.08103 

776.9 

.00178 

1527.5 

91.45 

14.2 

.71 

59.0 

7297 

379.5 

1.82250 

779.3 

.00176 

1530.4 

97.98 

14.3 

.71 

59.0 

7096 

321.0 

1.69154 

784.9 

.00174 

1526.9 

102.22 

14.4 

.71 

59.0 

6907 

278.0 

1.59366 

784.3 

.00174 

1530.2 

104.86 

14.5 

.71 

59.0 

7307 

364.1 

1.77262 

787.4 

.00173 

1528.5 

107.38 

15.1 

.81 

5 9.0 

5906 

- 9.573 

-.09486 

890.5 

.00161 

1386.2 

108.74 

15.2 

.81 

59.0 

8073 

411.4 

1.60700 

891.8 

.00160 

1389.0 

113.43 

15.3 

.81 

59.0 

7870 

363.1 

1.52496 

890.2 

.00160 

1388.7 

111.19 

15.4 

.81 

59.0 

7670 

316.4 

1.43421 

888.6 

.00160 

1391.2 

111.40 

16.1 

.61 

59.0 

4311 

- 3.448 

-.07355 

669.8 

.00192 

1663.2 

82.42 

16.2 

.61 

59.0 

6701 

358.3 

2.05386 

673.5 

.00190 

1662.4 

87.28 

16.3 

.61 

59.0 

6511 

313.9 

1.96511 

671.5 

.00190 

1666.5 

89.18 

16.4 

.61 

59.0 

6308 

262.4 

1.81428 

677.2 

.00189 

1660.1 

90.21 

17.1 

.71 

59.0 

5110 

- 4.167 

-.05811 

782.4 

.00176 

1523.5 

94.63 

17.2 

.71 

59.0 

7280 

379.7 

1.83134 

778.4 

.00176 

1531.4 

96.92 

17.3 

.71 

59.0 

7087 

330.8 

1.73325 

779.0 

.00176 

1531.8 

98.14 

17.4 

.71 

59.0 

6885 

280.1 

1.60827 

784.2 

.00175 

1525.6 

99.31 

18.1 

.81 

59.0 

5864 

- 6.184 

-.06212 

885.0 

.00162 

1390.3 

105.48 

18.2 

.81 

59.0 

8037 

412.2 

1.61572 

888.4 

.00161 

1387.7 

107.50 

18.3 

.81 

59.0 

7835 

368.8 

1.55942 

886.1 

.00161 

1392.3 

108.60 

18.4 

.81 

59.0 

7640 

317.2 

1.44831 

885.9 

.00161 

1391.4 

109.38 

19.1 

.61 

59.0 

4327 

- 2.891 

-.06044 

666.4 

.00194 

1669.0 

79.31 

19.2 

.61 

59.0 

6688 

367.3 

2.09378 

669.4 

.00192 

1667.5 

82.59 

19.3 

.61 

59.0 

6486 

315.9 

1.98432 

671.5 

.00191 

1667.0 

85.11 

19.4 

.61 

59.0 

6280 

267.4 

1.85443 

673.3 

.00191 

1665.4 

86.14 

20.1 

.71 

59.0 

5149 

- 4.170 

-.05671 

780.4 

.00177 

1530.6 

95.76 

20.2 

.71 

59.0 

7351 

396.1 

1.85974 

782.0 

.00176 

1531.1 

98.38 

20.3 

.71 

59.0 

7149 

338.9 

1.73755 

784.5 

.00175 

1529.5 

100.46 

20.4 

.71 

59.0 

6946 

289.4 

1 . 62368 

785.4 

.00174 

1530.9 

102.97 

21.1 

.80 

59.0 

5978 

- 5.983 

-.05711 

887.4 

.00161 

1396.6 

111.59 

21.2 

.81 

59.0 

8176 

428.5 

1.61536 

893.5 

.00159 

1393.5 

116.72 

21.3 

.81 

59.0 

7962 

367.4 

1.50998 

897.6 

.00158 

1391.0 

119.73 

21.4 

.81 

59.0 

7770 

321.2 

1.42288 

896.7 

.00158 

1394.2 

121.71 

22.1 

.61 

58.0 

4597 

- 2.582 

-.04593 

675.3 

.00190 

1663.4 

88.72 

22.2 

.61 

58.0 

6970 

379.2 

1.95377 

676.1 

.00188 

1666.8 

94.79 

22.3 

.60 

58.0 

6774 

333.3 

1.87518 

674.7 

.00188 

1670.3 

96.86 

22.4 

.61 

58.0 

6567 

282.0 

1.74808 

678.0 

.00187 

1667.2 

98.31 

23.1 

.71 

58.0 

5471 

- 2.889 

-.03328 

778.6 

.00174 

1524.3 

102.73 

23.2 

.71 

58.0 

7653 

410.5 

1.72604 

785.8 

.00174 

1528.8 

103.44 

23.3 

.71 

58.0 

7456 

355.9 

1.62266 

788.1 

.00174 

1526.3 

104.33 

23.4 

.71 

58.0 

7256 

310.2 

1.53370 

786.4 

.00174 

1529.0 

104.69 

24.1 

.81 

58.0 

6325 

- 3.800 

-.03058 

891.1 

.00161 

1387.2 

109.40 

24.2 

.81 

58.0 

8453 

453.7 

1.53358 

885.6 

.00161 

1398.5 

112.55 

24.3 

.81 

58.0 

8277 

391.0 

1.41470 

891.2 

.00160 

1391.3 

113.25 

24.4 

.81 

58.0 

8072 

340.9 

1.32699 

892.0 

.00160 

1387.9 

111.09 

25.1 

.61 

58.0 

4502 

- 3.859 

-.07237 

667.5 

.00192 

1644.9 

77 .43 

25.2 

.61 

58.0 

6837 

357.7 

1.91585 

664.8 

.00192 

1649.2 

78.49 
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RUN 

M 

$ 

rpm 

SHP 

Cp 

V 


P 

t 

25.3 

.61 

58.0 

6645 

304.4 

1.78577 

671.1 

.00191 

1642.0 

79.73 

25.4 

.61 

58.0 

6431 

259.3 

1.68142 

670.9 

.00190 

1643.3 

81.16 

26.1 

.71 

58.0 

5302 

- 5.215 

-.06485 

775.6 

.00177 

1509.6 

87.21 

26.2 

.71 

58.0 

7538 

391.4 

1.70308 

776.9 

.00176 

1511.2 

90.81 

26.3 

.71 

58.0 

7334 

338.3 

1.60369 

777.4 

.00176 

1512.3 

92.74 

27.1 

.80 

58.0 

6117 

- 7.904 

-.07050 

881.8 

.00161 

1379.8 

105.30 

27.2 

.81 

58.0 

8308 

409.8 

1.47306 

887.2 

.00159 

1377.1 

109.87 

27.3 

.81 

58.0 

8105 

351.4 

1.36850 

892.2 

.00158 

1372.0 

111.75 

27.4 

.81 

58.0 

7902 

305.9 

1.28875 

893.0 

.00158 

1372.4 

113.31 

28.1 

.61 

59.2 

4293 

- 3.574 

-.07837 

672.2 

.00189 

1641.5 

83.62 

28.2 

.60 

59.2 

6669 

356.3 

2.08866 

667.3 

.00189 

1649.9 

86.81 

28.3 

.61 

59.2 

6484 

307.0 

1.97105 

674.0 

.00187 

1642.7 

88.75 

28.4 

.61 

59.2 

6280 

256.0 

1.81753 

679.3 

.00187 

1636.6 

89.75 

29.1 

.71 

59.2 

5085 

- 4.622 

-.06618 

780.6 

.00174 

1508.4 

95.39 

29.2 

.71 

59.2 

7341 

383.3 

1.84070 

782.5 

.00173 

1510.9 

100.99 

30.1 

.71 

59.2 

5061 

- 5.154 

-.07512 

777.1 

.00174 

1490.6 

90.54 

30.2 

.71 

59.2 

7383 

389.8 

1.85229 

783.5 

.00172 

1487.4 

96.48 

30.3 

.71 

59.2 

7181 

340.0 

1.75893 

783.0 

.00171 

1489.6 

98.18 

30.4 

.71 

59.2 

6983 

293.0 

1.65053 

782.3 

.00171 

1491.8 

99.52 

31.1 

.81 

59.2 

5877 

- 7.309 

-.07516 

887.6 

.00157 

1357.1 

108.89 

31.2 

.81 

59.2 

8104 

428.6 

1.67264 

885.2 

.00158 

1357.3 

106.25 

31.3 

.80 

59.2 

7902 

384.2 

1.61304 

882.1 

.00158 

1361.0 

105.78 

31.4 

.81 

59.2 

7695 

330.2 

1.50252 

883.6 

.00158 

1358.5 

105.55 

32.1 

.61 

59.2 

4313 

- 3.719 

-.08141 

669.8 

.00187 

1624.1 

84.21 

32.2 

.60 

59.2 

6748 

360.0 

2.07378 

669.4 

.00185 

1629.0 

89.69 

32.3 

.61 

59.2 

6556 

307.0 

1.94061 

676.8 

.00184 

1620.7 

91.16 

32.4 

.61 

59.2 

6354 

264.7 

1.84022 

676.6 

.00184 

1621.5 

91.91 

33.1 

.71 

59.2 

5086 

- 5.042 

-.07322 

779.2 

.00172 

1493.5 

97.58 

33.2 

.71 

59.2 

7380 

385.2 

1.84418 

781.7 

.00171 

1493.8 

101.62 

33.3 

.71 

59.2 

7181 

328.4 

1.71818 

787.9 

.00169 

1487.4 

103.71 

33.4 

.71 

59.2 

6980 

282.8 

1.61263 

787.9 

.00169 

1488.5 

104.75 

34.1 

.81 

59.2 

5867 

- 7.387 

-.07666 

887.9 

.00157 

1359.2 

111.85 

34.2 

.80 

59.2 

8153 

430.2 

1.67508 

888.5 

.00156 

1363.9 

117.12 

34.3 

.81 

59.2 

7960 

365.1 

1.54013 

896.4 

.00154 

1355.0 

119.04 

34.4 

.81 

59.2 

7763 

325.3 

1.48017 

895.3 

.00154 

1358.0 

120.48 

35.1 

.61 

58.3 

4542 

- 3.840 

-.07350 

678.6 

.00183 

1620.1 

94.66 

35.2 

.61 

58.3 

7015 

376.0 

1.96345 

677.1 

.00182 

1624.8 

98.70 

35.3 

.61 

58.3 

6797 

314.6 

1.81500 

684.2 

.00181 

1616.7 

99.50 

38.1 

.53 

58.2 

4365 

- 2.946 

- . 05G27 

584.7 

.00207 

1764.3 

66.61 

38.2 

.61 

58.2 

4420 

- 3.270 

-.06427 

666.4 

.00193 

1672.8 

81.45 

38.3 

.60 

58.2 

6863 

368.4 

1.95291 

668.6 

.00191 

1673.6 

86.82 

38.4 

.61 

58.2 

6861 

364.1 

1.93933 

671.1 

.00191 

1671.8 

88.43 

38.5 

.60 

58.2 

6859 

363.1 

1.93789 

670.6 

.00191 

1672.8 

89.33 

38.6 

.60 

58.2 

6856 

362.2 

1.93706 

670.9 

.00190 

1672.8 

89.73 
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RUN 

M 

* 

rpm 

SHP 

Cp 

V 

* 

P 

t 

40.1 

.61 

58.2 

6924 

400.3 

2.03730 

668.4 

.00194 

1662.5 

76.31 

40.2 

.61 

58.2 

6922 

392.0 

2.01121 

672.3 

.00193 

1660.1 

79.64 

40.3 

.61 

58.2 

6921 

392.1 

2.01615 

670.8 

.00192 

1663.5 

81.37 

40.4 

.61 

58.2 

6917 

388.5 

2.00877 

671.5 

.00192 

1664.5 

83.60 

40.5 

.61 

58.2 

6720 

377.6 

1.90758 

671.8 

.00191 

1665.4 

84.99 

40.6 

.61 

58.2 

6716 

335.0 

1.90088 

673.3 

.00191 

1664.5 

86.30 

40.7 

.61 

58.2 

6716 

333.8 

1.89778 

673.3 

.00190 

1665.4 

87.54 

40.8 

.61 

58.2 

6528 

291.8 

1.80656 

670.7 

.00191 

1669.4 

88.40 

40.9 

.61 

58.2 

6525 

291.9 

1.81282 

671.2 

.00190 

1669.5 

89.46 

40.10 

.60 

58.2 

6526 

291.8 

1.81540 

671.0 

.00190 

1670.8 

90.72 

41.1 

.71 

58.2 

5258 

- 3.443 

-.04388 

779.6 

.00177 

1529.3 

94.29 

41.2 

.71 

58.2 

7623 

431.3 

1.81055 

782.4 

.00176 

1534.2 

97.49 

41.3 

.71 

58.2 

7623 

424.6 

1.79156 

781.5 

.00176 

1532.3 

99.81 

41.4 

.71 

58.2 

7617 

415.3 

1.76714 

784.9 

.00174 

1530.6 

102.75 

41.5 

.71 

58.2 

7601 

410.7 

1.76217 

784.4 

.00174 

1532.9 

104.35 

41.6 

.71 

58.2 

7431 

363.2 

1.67055 

785.1 

.00174 

1533.1 

105.48 

41.7 

.71 

58.2 

7428 

361.1 

1.66867 

787.8 

.00173 

1530.8 

106.83 

41.8 

.71 

58.2 

7431 

359.3 

1.66190 

788.6 

.00173 

1530.9 

108.18 

41.9 

.71 

58.2 

7230 

311.9 

1.56658 

786.8 

.00173 

1534.0 

108.87 

41.10 

.70 

58.2 

7229 

312.9 

1.57220 

785.5 

.00173 

1536.4 

109.57 

41.11 

.71 

58.2 

7233 

308.8 

1.55584 

789.7 

.00172 

1531.9 

110.84 

42.1 

.81 

58.2 

6139 

- 3.870 

-.03388 

885.0 

.00162 

1396.1 

107.56 

42.2 

.81 

58.2 

8505 

478.6 

1.59590 

890.3 

.00160 

1396.1 

115.04 

42.3 

.81 

58.2 

8460 

472.7 

1.59190 

888.8 

.00161 

1393.1 

110.54 

42.4 

.81 

58.2 

8444 

471.9 

1.59761 

888.8 

.00161 

1392.7 

110.23 

42.5 

.81 

58.2 

8250 

412.6 

1.49914 

889.5 

.00161 

1392.0 

110.47 

42.6 

.81 

58.2 

8252 

412.2 

1.49764 

890.7 

.00161 

1390.3 

110.41 

42.7 

.81 

58.2 

8252 

411.6 

1.49562 

890.9 

.00161 

1389.6 

110.17 

42.8 

.81 

58.2 

8058 

364.8 

1.42193 

889.3 

.00161 

1392.2 

110.30 

42.9 

.81 

58.2 

8058 

367.4 

1.42972 

887.4 

.00161 

1394.6 

110.04 

42.10 

.81 

58.2 

8059 

367.8 

1.42973 

886.6 

.00161 

1396.1 

110.18 

43.1 

.81 

59.1 

5842 

- 3.628 

-.03699 

889.3 

.00161 

1391.9 

108.64 

43.2 

.81 

59.1 

8141 

458.5 

1.74911 

892.2 

.00159 

1397.4 

117.30 

43.3 

.80 

59.1 

8134 

451.5 

1.73753 

893.6 

.00158 

1400.5 

121.94 

43.4 

.80 

59.1 

8159 

443.7 

1.71288 

895.9 

.00158 

1400.0 

124.56 

43.5 

.81 

59.1 

7939 

395.8 

1.63451 

896.2 

.00159 

1391.7 

117.79 

43.6 

.81 

59.1 

7938 

396.9 

1.63037 

895.9 

.00160 

1387.4 

113.41 

43.7 

.81 

59.1 

7925 

400.7 

1.64793 

892.6 

.00160 

1391.0 

112.29 

43.8 

.81 

59.1 

7747 

359.7 

1.57920 

890.1 

.00161 

1393.6 

111.44 

43.9 

.81 

59.1 

7747 

364.2 

1.59369 

887.6 

.00161 

1396.3 

110.43 

43.10 

.81 

59.1 

7743 

363.0 

1.58895 

888.0 

.00161 

1394.2 

109.12 
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TABLE A-l. 


PAGE 


5 OF 6 


RUM 

M 

$ 

rpm 

SHP 

Cp 

V 

* 

P 

t 

44.1 

.71 

59.1 

4887 

- 3.440 

-.05161 

759.6 

.00187 

1530.5 

64.32 

44.2 

.70 

59.1 

7177 

409.7 

1.95028 

756.4 

.00186 

1540.0 

69.24 

44.3 

.71 

59.1 

7181 

401.8 

1.92647 

763.6 

.00185 

1532.6 

72.10 

44.4 

.71 

59.1 

7184 

398.1 

1.91495 

764.2 

.00184 

1534.8 

75.02 

44.5 

.71 

59.1 

7183 

395.5 

1.90879 

764.3 

.00183 

1537.0 

77.26 

44.6 

.71 

59.1 

6985 

340.5 

1.79325 

766.0 

.00183 

1536.0 

78.71 

44.7 

.71 

59.1 

6986 

337.2 

1.78365 

768.9 

.00182 

1534.2 

81.02 

44.8 

.71 

59.1 

6988 

334.9 

1.77567 

770.6 

.00181 

1533.1 

82.23 

44.9 

.70 

59.1 

6773 

287.0 

1.67408 

767.8 

.00181 

1540.2 

85.72 

44.10 

.71 

59.1 

6775 

277.4 

1.62930 

775.3 

.00180 

1531.0 

86.88 

45.1 

.61 

59.1 

4236 

- 3.384 

-.07149 

670.0 

.00192 

1671.2 

85.46 

45.2 

.60 

59.1 

6669 

361.8 

2.08494 

667.3 

.00192 

1675.1 

85.74 

45.3 

.61 

59.1 

6663 

358.4 

2.07453 

670.6 

.00192 

1671.1 

86.00 

45.4 

.61 

59.1 

6660 

355.9 

2.06292 

670.9 

.00192 

1670.6 

85.89 

45.5 

.61 

59.1 

6461 

305.6 

1.94462 

673.7 

.00191 

1667.3 

86.34 

45.6 

.61 

59.1 

6459 

307.0 

1.95449 

672.5 

.00191 

1668.8 

86.27 

45.7 

.61 

59.1 

6459 

307.0 

1 .95325 

672.0 

.00191 

1669.6 

86.25 

45.8 

.61 

59.1 

6281 

270.2 

1.86896 

670.1 

.00191 

1672.6 

86.77 

45.9 

.61 

59.1 

6281 

269.8 

1.86783 

670.4 

.00191 

1672.3 

87.21 

45.10 

.61 

59.1 

6281 

268.3 

1.86022 

671.9 

.00191 

1671.0 

87.71 


215.1 

.61 

59.0 

4212 

- 2.878 

-.06380 

655.7 

.00198 

1641.1 

58.81 

215.2 

.61 

59.0 

6632 

370.5 

2.12340 

656.1 

.00196 

1645.1 

64.62 

215.3 

.60 

59.0 

6432 

320.4 

2.02071 

656.1 

.00196 

1647.0 

66.98 

215.4 

.61 

59.0 

6234 

270.8 

1.88680 

660.8 

.00194 

1642.6 

69.09 

216.1 

.71 

59.0 

5007 

- 3.290 

-.04778 

765.8 

.00180 

1511.0 

78.33 

216.2 

.71 

59.0 

7258 

403.4 

1.87063 

776.7 

.00178 

1500.3 

82.72 

216.3 

.71 

59.0 

7145 

355.6 

1.80082 

772.1 

.00178 

1508.9 

85.01 

216.4 

.71 

59.0 

6954 

305.5 

1.68387 

772.9 

.00177 

1510.0 

87.17 

217.1 

.81 

59.0 

5794 

- 4.690 

-.04864 

876.2 

.00163 

1375.8 

97.08 

217.2 

.80 

59.0 

7964 

431.3 

1.70736 

871.9 

.00164 

1376.8 

92.52 

217.3 

.81 

59.0 

7758 

371.9 

1.59803 

876.3 

.00164 

1370.6 

92.66 

217.4 

.80 

59.0 

7565 

327.8 

1.51597 

872.6 

.00164 

1376.7 

93.19 

218.1 

.61 

59.0 

4311 

- 2.699 

-.05721 

664.7 

.00193 

1640.9 

72.16 

218.2 

.61 

59.0 

6671 

361.7 

2.07330 

663.9 

.00193 

1643.0 

73.41 

218.3 

.61 

59.0 

6473 

314.9 

1.97751 

663.3 

.00193 

1644.6 

74.36 

218.4 

.61 

59.0 

6269 

270.0 

1.86760 

662.9 

.00193 

1645.4 

74.90 

219.1 

.71 

59.0 

5056 

- 2.991 

-.04244 

770.0 

.00179 

1507.9 

80.69 

219.2 

.71 

59.0 

7277 

388.1 

1.85094 

769.2 

.00179 

1511.5 

82.96 

219.3 

.71 

59.0 

7082 

340.8 

1.76500 

769.3 

.00178 

1511.9 

83.51 

219.4 

.71 

59.0 

6878 

289.5 

1.64015 

770.8 

.00178 

1510.7 

84.41 

220.1 

.81 

59.0 

5777 

- 4.124 

-.04258 

870.8 

.00165 

1375.5 

89.62 

220.2 

.80 

59.0 

7041 

420.6 

1.67061 

871.4 

.00164 

1376.4 

91.16 

220.3 

.80 

59.0 

7736 

370.4 

1.59697 

870.1 

.00164 

1379.6 

92.32 

220.4 

.80 

59.0 

7540 

318.2 

1.48619 

872.8 

.00164 

1376. 7 

93.12 

221.1 

.61 

58.1 

4470 

- 2.425 

-.04588 

663.9 

.00194 

1639.8 

69.12 

221.2 

.61 

58.1 

6856 

376.1 

1.97744 

662.3 

.00194 

1643.9 

71.50 

221.3 

.61 

58.1 

6660 

325.8 

1.87065 

6 C 2.2 

.00193 

1644.6 

72.26 

221.4 

.61 

58.1 

6455 

279.3 

1.76413 

664.5 

.00193 

1641.8 

72.54 
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TABLE A-l. 


PAGE 6 OF 6 


RUN 

M 

$ 

rpm 

SHP 

Cp 

V 

* 

P 

t 

222.1 

.71 

58.1 

5253 

-2.691 

-.03394 

769.7 

.00180 

1507.1 

78.84 

222.2 

.71 

58.1 

7518 

407.9 

1.76131 

770.2 

.00179 

1508.9 

81.36 

222.3 

.71 

58.1 

7315 

354.6 

1.66454 

770.1 

.00179 

1510.4 

82.68 

222.4 

.71 

58.1 

7119 

308.2 

1.57067 

769.8 

.00178 

1511.1 

83.05 

223.1 

.81 

58.1 

6014 

-3.779 

-.03451 

870.9 

.00165 

1374.0 

88.14 

223.2 

.80 

58.1 

8210 

441.9 

1.58874 

869.8 

.00165 

1378.0 

90.19 

223.3 

.81 

58.1 

8001 

380.5 

1.48221 

872.1 

.00164 

1375.7 

91.09 

223.4 

.81 

58.1 

7801 

333.8 

1.40476 

872.3 

.00164 

1376.3 

91.83 
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RUN# 


6.4 

65 

66 
lOd. 
105 

163 

164 
11.1 
11-2 
11-3 
11-4 
11-5 
11-6 
11.7 
115 
11.9 

13 - 1 
135 
135 

13.4 

14 - 1 

14 - 2 
145 

14.4 
145 

15.1 

15 - 2 

153 

154 

164 

165 
1651 

163 

17.1 

17.2 
175 

17.4 

184 

185 
183 

18.4 
19.1 
1S&2 
195 

19.4 
20*1 
202 
203 
20 /» 

NOTE: 


ORIGINAL PAGS 13 
Q£ POOR QUALITY 


TABLE A-ll. TOTAL VIBRATORY STRESSES (X+2o,±kPa): SR-3 INLET TESTS 

PAGE 1 OF S 


1-1 

1-3 

1-4 

1-6 

3-1 

3-3 

3-4 

3-6 

20404. 

16180. 

3645. 

11846. 

17505 . 

13914. 

3193. 

; 2109. 

14458. 

11382. 

2758. 

8776. 

13578. 

10717. 

2703. 

9694 . 

12086. 

9326. 

2299. 

7347. 

10932. 

8498. 

2256. 

7872- 

0. 

0. 

0. 

0. 

8798. 

6711. 

1849. 

6593- 

12431 . 

10552. 

3081 . 

8492. 

8806. 

9404. 

3648. 

8449. 

26156. 

20480. 

3i06 . 

14761 . 

28426. 

21808. 

3490. 

16929. 

31729. 

24668. 

3483. 

17303 . 

34439. 

26801 . 

3740 . 

19527. 

40413. 

.32163. 

4005. 

22976. 

44936. 

35576. 

4376. 

25086. 

27113. 

19821 . 

4686 . 

13756. 

25615. 

18690. 

4575. 

14518. 

21473. 

15515. 

4675. 

14597. 

?2i 32 . 

15475. 

5775. 

13559. 

22407. 

16267. 

4713. 

15534. 

23581 . 

15994. 

5100. 

14739. 

25612. 

17919. 

6203. 

15880. 

25061 . 

17745. 

5584. 

15390. 

126506. 

103374. 

12750. 

6ei03. 

129348. 

103323. 

15741 . 

79369. 

21922. 

16869. 

7536. 

19229. 

24007. 

17134. 

6745. 

17539. 

22891. 

18378. 

7426. 

19029. 

23937. 

16990. 

6171 . 

16030. 

21469. 

15653. 

6344. 

14783. 

25344. 

17654. 

6271 . 

15705. 

21915. 

15967. 

5999. 

14341. 

26193. 

18685. 

6376. 

15103. 

14289. 

11604. 

3327. 

9180. 

8638. 

9307. 

3168. 

9119. 

29888. 

23965. 

3275. 

17324. 

32245. 

25011. 

3510. 

18553. 

38646. 

31245. 

3776. 

21273. 

42420. 

33722. 

3882. 

24949. 

53194. 

43152. 

4540. 

27455. 

57622. 

46762. 

5300. 

33370. 

23482. 

17003. 

4058. 

13266. 

21628. 

15234. 

3924. 

12758. 

25678. 

17567. 

4732. 

16638. 

25565. 

17553. 

4733. 

16766. 

28396. 

20116. 

6034. 

17463. 

27317. 

19319. 

4861. 

16791. 

30022. 

22760. 

6577. 

17425. 

30160. 

22309. 

5836. 

19504. 

24739. 

17735. 

4804. 

18105. 

24616. 

17137. 

4650. 

15776. 

128416. 

100754. 

12952. 

59346. 

90270. 

69213. 

11337. 

47320. 

23975. 

17038. 

6223. 

15966. 

26474. 

18755. 

6354. 

17807. 

26814. 

19975. 

6144. 

17517. 

25583. 

17692. 

5811 . 

15863. 

27930. 

20606. 

5544. 

17402. 

26012. 

17840. 

5617. 

15508. 

1.2401 • 

10327. 

3755. 

8795. 

9462. 

9232. 

3462. 

10134. 

26604. 

21102. 

2974. 

14857. 

28686. 

21414. 

3162. 

16960. 

33283. 

26679. 

3193. 

17857. 

28686. 

21414. 

3162. 

16960. 

47435. 

37666. 

3978. 

23516. 

50949. 

40580. 

4478. 

29049. 

21906. 

15892. 

3875. 

12053. 

20347. 

14931 . 

3797. 

12601. 

23394. 

16593. 

4394. 

16103. 

23704. 

16286. 

4295. 

15490. 

26301. 

18643. 

5572. 

16938. 

25437. 

18259. 

4556. 

16078. 

29017. 

21257. 

5662. 

16683. 

29108. 

20967. 

5120. 

18293. 

91778. 

71646. 

9971 . 

43602. 

66638. 

51694. 

9402. 

35745. 

22051 . 

15334. 

5475. 

13871. 

23432. 

16797. 

5270. 

15944. 

23973. 

18359. 

5444. 

15216. 

22251 . 

15809. 

5118. 

14378. 

25007. 

18275. 

5104. 

15629. 

23189. 

15937. 

4926. 

14535 . 

6595. 

6189. 

2073. 

6123. 

6158. 

5473. 

2339. 

5838. 

6994. 

5835. 

2396. 

6361. 

7168. 

6369. 

2227. 

6810. 

7088. 

6587. 

2087. 

6813. 

7584. 

6885 . 

1851. 

5759. 

9036. 

7839. 

1887. 

7586. 

10171 . 

9047. 

2161 . 

8715. 

6414. 

5690. 

2182. 

6326. 

5844. 

5427. 

2232. 

6212. 

5818. 

5905. 

3228. 

8395. 

5858. 

6017. 

3586. 

7006. 

6788. 

6380. 

5504. 

8876. 

5795. 

5691 . 

4187. 

6970. 

6736. 

5912. 

5051. 

7564. 

5849. 

6118. 

3868. 

7128. 


ZERO-VALUE ENTRIES INDICATE ABSENCE OF DATA 
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ORKKNA- 
OF POOR QU^- 5t * 

table A-ll. TOTAL VIBRATORY STRESSES (X+2a,±kPa): SR-3 INLET TESTS 


PAGE 2 OF 5 


RUN * 

1-1 

1-3 

1-4 

1-6 

3-1 

3-3 

3-4 

3-6 

21-1 

15475 . 

13769 . 

3545 . 

13360 . 

9735 . 

9208 . 

3803 . 

10300 . 

21-2 

6237 . 

7052 . 

3078 . 

9954 . 

6083 . 

7129 . 

3234 , 

9239 . 

21*3 

5658 . 

7285 . 

3081 . 

10141 . 

6121 . 

7169 . 

3256 . 

9285 . 

21.4 

6007 . 

6832 . 

3754 . 

9109 . 

5805 . 

6716 . 

3013 . 

7756 , 

22*1 

5064 . 

5765 . 

2690 . 

7671 . 

5515 . 

5886 . 

2504 . 

6241 . 

9 9,9 

5963 . 

5347 . 

3186 . 

6889 . 

7068 . 

7120 . 

3229 . 

6452 . 

22*3 

6408 . 

5759 . 

2484 . 

6206 . 

7294 . 

7049 . 

2679 . 

7282 . 

22.4 

7230 . 

6292 . 

2076 . 

5988 , 

7560 . 

7279 . 

2385 . 

6943 . 

234 

6194 . 

6026 . 

2169 . 

6340 . 

5343 . 

5840 . 

2457 . 

6476 . 

23 G 

0 . 

0 . 

0 . 

0 . 

6554 . 

7907 . 

3493 . 

8663 , 

23A 

6133 . 

6848 . 

5167 . 

8344 . 

7095 . 

7492 . 

3948 . 

7050 . 

242 

7280 . 

11403 . 

4550 . 

15597 . 

6679 . 

9213 . 

3157 » 

11893 . 

243 

5678 . 

7418 . 

3539 . 

11296 . 

5958 . 

7500 . 

2944 . 

10159 , 

24.4 

4754 . 

5792 . 

3005 . 

8860 . 

5605 . 

7602 . 

3206 . 

10336 , 

254 

0 . 

0 . 

0 . 

0 . 

7074 . 

7067 . 

3294 . 

7305 . 

252 

16713 . 

12735 . 

2963 . 

9890 . 

18237 . 

14174 . 

2949 . 

11156 . 

253 

19488. 

15138 . 

3186. 

10846 . 

21456 . 

16511 . 

2920. 

128 14 . 

25.4 

24857 . 

19756 . 

3155 . 

14602 . 

27222 ♦ 

21170 . 

3093 . • 

14858 . 

264 

14820 . 

11749 . 

3198 . 

8782 . 

12835 . 

10871 . 

3327 . 

9078 . 

26*2 

13614 . 

10268 . 

4239 . 

9365 . 

14571 . 

10418 . 

4464 . 

10713 . 

263 

14665 . 

10723 . 

4672 . 

11456 . 

14902 . 

10846 . 

4517 , 

10301 , 

26.4 

15822 . 

12530 . 

6254 . 

11876 . 

16091 . 

11135 . 

4661 . 

10431 , 

27.1 

76511 . 

58795 . 

8794 . 

41909 . 

49322 . 

40658 . 

7257 . 

29388 , 

27.2 

13400 . 

11175 . 

4202 . 

10071 . 

13295 . 

10631 . 

4007 . 

10383 - 

27.3 

13259 . 

10330 . 

4138 . 

9563 . 

14006 . 

11737 . 

4182 . 

1 . 1516 , 

27.4 

13696 . 

1 0662 . 

3879 . 

9368 . 

14598 . 

11540 . 

3872 . 

10601 . 

234 

9584 . 

7687 . 

2570 . 

7485 . 

17297 . 

14365 . 

3176 ♦ 

9381 . 

232 

18968 . 

14470 . 

2573 . 

10504 . 

21093 . 

16367 . 

3226 . 

12380 . 

28*3 

23594 . 

18151 . 

2851 . 

1296 ft . 

26411 . 

20768 . 

3556 . 

14931 . 

28.4 

32218 . 

25139 . 

3215 . 

16990 . 

36998 . 

29260 . 

44 * 2 . 

20370 . 

29.1 

14613 . 

11862 . 

3059 . 

9109 . 

13839 . 

11569 . 

3598 . 

9667 » 

304 

14729 . 

12371 . 

3504 . 

9036 . 

0 . 

0 . 

0 , 

0 . 

302 

14633 . 

11461 . 

4717 . 

9619 . 

0 . 

0 . 

0 . 

0 ♦ 

303 

15917 . 

13159 . 

5679 . 

11617 . 

0 . 

0 . 

0 . 

0 . 

30.4 

16191 . 

13977 . 

4956 . 

10459 . 

0 . 

0 . 

0 . 

0 . 

314 

36107 . 

45455 . 

6850 . 

27176 . 

0 . 

0 . 

0 . 

0 . 

312 

12857 . 

10327 . 

4343 . 

9062 . 

0 . 

0 . 

0 . 

0 . 

31-3 

13582 . 

11838 . 

4163 , 

9850 . 

0 , 

0 . 

0 . 

0 . 

31.4 

14738 . 

12741 . 

4024 . 

8883 . 

0 . 

0 . 

0 . 

0 . 

322 

17135 . 

13929 . 

2860 . 

9558 . 

0 . 

0 . 

0 . 

0 . 

323 

21270 . 

17432 . 

2897 . 

11727 . 

0 . 

0 . 

0 . 

0 . 

32.4 

28672 . 

23319 . 

3073 . 

15310 . 

0 . 

0 . 

0 . 

0 . 

332 

15629 . 

12252 . 

4584 . 

11703 . 

0 . 

0 . 

0 . 

0 . 

33.3 

17099 . 

14164 . 

5961 . 

12553 . 

0 . 

0 . 

0 . 

0 . 

33.4 

17413 . 

15243 . 

5564 . 

10875 . 

0 . 

0 . 

0 . 

0 . 

344 

62829 . 

50723 . 

7424 . 

29725 . 

0 . 

0 . 

0 . 

0 . 

342 

14086 . 

10970 . 

4419 . 

9964 . 

0 . 

0 . 

0 . 

0 . 

343 

14797 . 

11756 . 

4742 . 

9686 . 

0 . 

0 . 

0 . 

0 . 

34.4 

15866 . 

13113 . 

4452 . 

9721 . 

0 . 

0 . 

0 . 

0 . 

35-1 

9993 . 

9037 . 

3904 . 

8549 . 

0 . 

0 . 

0 . 

0 . 


NOTE: ZERO-VALUE ENTRIES INDICATE ABSENCE OF DATA 
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TABLE A-ll: TOTAL VIBRATORY STRESSES (X+2o,±kPa): SR-3 INLET TESTS 


PAGE 3 OF 5 


RUN* 

1-1 

1-3 

1-4 

1-6 

3-1 

3-3 

3-4 

3-6 

352 

14593. 

11258. 

3691 . 

9651 . 

0. 

0. 

0. 

0 

352! 

16442. 

13173. 

3237. 

9583. 

0. 

0. 

* 0. 

0 

364 

19270. 

15477. 

2864. 

10638. 

0. 

0. 

0. 

0 

362 

17412. 

14346. 

3415. 

9531. 

0. 

0. 

0. 

0 

345 

15116. 

11343. 

4709. 

10917. 

0. 

0. 

0. 

0 

37.2 

14376. 

13336. 

4694. 

11847. 

0. 

0. 

0. 

0 

37.3 

14186. 

11489. 

4368. 

10203. 

0. 

0. 

0. 

0 

37.4 

14186. 

11593. 

4556. 

9330. 

0. 

0. 

0. 

0 

384 

14553. 

11618. 

4204. 

8759. 

14407. 

12527. 

4828. 

9762 

404 

0. 

0. 

0. 

0. 

32064. 

27807. 

4292. 

20742 

4Q2 

0. 

0. 

0. 

0. 

21757. 

19328. 

3571 . 

14260 

403 

0. 

0. 

0. 

0. 

23121. 

20178. 

3633. 

14604 

40.4 

0. 

0. 

0. 

0. 

24709. 

21491. 

3560. 

16046 

405 

0. 

0. 

0. 

0. 

30618. 

25828. 

3546. 

19350 

40.6 

0. 

0. 

0. 

0. 

28215. 

23837. 

3341. 

18078 

402 

0. 

0. 

0. 

0. 

25408. 

21794. 

3149. 

16672 

40£ 

0. 

0. 

0. 

0. 

33192. 

27668. 

3304. 

19624 

40.9 

0. 

0. 

0. 

0. 

36162. 

30126. 

3557. 

21736 

4040 

0. 

0. 

0. 

0. 

39083. 

32646. 

3910. 

23726 

4 LI 

0. 

0. 

0. 

0. 

31649. 

24257. 

5708. 

18250 

412 

0. 

0. 

0 . 

0. 

24379. 

22513. 

5364. 

17216 

413 

0. 

0. 

0. 

0. 

17138. 

15357. 

4721. 

12591 

4L4 

0. 

0. 

0. 

0. 

18351. 

16589. 

4923. 

13525 

413 

0. 

0. 

0. 

0. 

19999. 

17863. 

5159. 

15060 

4L6 

0. 

0. 

0. 

0. 

20849. 

19094. 

4778. 

14529 

41*7 

0. 

0. 

0. 

0. 

19036. 

17567. 

4683. 

13550 

4L8 

0. 

0. 

0. 

0. 

17674. 

16181. 

4615. 

12507 

41.9 

0. 

0. 

0. 

0. 

19549. 

17793. 

4550. 

12967 

4140 

0. 

0. 

0. 

0. 

21248. 

19116. 

4588. 

14409 

4141 

0. 

0. 

0. 

0. 

22987. 

20528. 

4701. 

15258 

424 

0. 

0. 

0. 

0. 

187258. 

161219. 

19524. 

100238 

422 

0. 

0. 

0. 

0. 

15698. 

14867. 

4287. 

14300 

423 

0. 

0. 

0. 

0. 

17377. 

15905. 

4296. 

14529 

424 

0. 

0. 

0. 

0, 

19095. 

17618. 

4587. 

15458 

435 

0. 

0. 

0. 

1 0. 

20823. 

18442. 

4627. 

16491 

436 

0. 

0. 

0. 

0. 

19094. 

17116. 

4290. 

15518 

422 

0. 

0. 

0. 

0. 

17687. 

15723. 

4077. 

14660 

428 

0, 

0. 

0. 

0. 

18120. 

16050. 

4189. 

14384 

42>9 

0. 

0. 

0. 

0. 

20078. 

17826. 

4532. 

15446 

4240 

0. 

0. 

0. 

0. 

21806. 

19639. 

4880. 

16570 

434 

0. 

0. 

0. 

0. 

70514. 

55166. 

7851. 

37076 

432 

0. 

0. 

0. 

0. 

18536. 

16588. 

3966. 

15459 

433 

0. 

0. 

0. 

0. 

20486. 

18282. 

4202. 

16798 

434 

0. 

0. 

0. 

0. 

22077. 

19466. 

4354. 

17770 

435 

0. 

0. 

0. 

0. 

23231. 

20701 . 

4477. 

17169 

436 

0. 

0. 

0. 

0. 

21727. 

19512. 

4049. 

16318 

437 

0. 

0. 

0. 

0. 

19882. 

17875. 

3694. 

15124 

438 

0. 

0. 

0. 

0. 

19293. 

17286. 

4072. 

14905 

43.9 

0. 

0. 

0. 

0. 

21045. 

18862. 

4369. 

16052 

4310 

NOTE: 

0. 0. 0. 0. 23047. 

ZERO-VALUE ENTRIES INDICATE ABSENCE OP DATA 

20751. 

4639. 

17604. 
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TABLE A-ll. TOTAL VIBRATORY STRESSES |5?+2a,±kPa): SR-3 INLET TESTS 


PAGE 4 OF 5 


RUN* 

i-i 

1-3 

1-4 

1-6 

3-1 

3-3 

3-4 

3-6 

444 

0 . 

0 . 

0 . 

0 . 

25261 . 

20131 . 

4952. 

17150 

442 

0 . 

0 . 

0 . 

0 . 

33711 . 

28810. 

5229. 

20977 

443 

0 . 

0 . 

0 . 

0 . 

22505. 

19537. 

4744. 

13819 

AAA 

0 . 

0 . 

0 . 

0 . 

24065. 

21018. 

4983. 

14627 

445 

0 . 

0 . 

0 . 

0 . 

26194. 

22398. 

4941 . 

155.19 

44,6 

0 . 

0 . 

0 . 

0 . 

30560, 

26677. 

4468, 

19525 

442 

0 . 

0 . 

0 . 

0 . 

28342. 

24876. 

4546. 

18161 

44,8 

0 . 

0 . 

0 . 

0 . 

25633. 

22622 . 

4621 . 

16221 

AA<? 

0 . 

0 . 

0 . 

0 . 

31901 . 

26333. 

3970. 

20366 

44-10 

0 . 

0 . 

0 . 

0 . 

34033. 

28294. 

4244. 

21062 

44-11 

0 . 

0 . 

0 . 

0 . 

37899. 

31291 . 

4412. 

23881 

454 

0 . 

0 . 

0 . 

0 . 

11500. 

9068. 

3889. 

7609 

452 

0 . 

0 . 

0 . 

0 . 

32375. 

27099. 

3424. 

20808 

453 

0 . 

0 . 

0 . 

0 . 

30022. 

25256. 

3409. 

19276 

46-4 

0 . 

0 . 

0 . 

0 . 

27640. 

23174. 

3314. 

17823 

465 

0 . 

0 . 

0 . 

0 . 

37467. 

30731 . 

3125. 

9^24 

466 

0 . 

0 . 

0 . 

0 . 

41355. 

33878. 

3431. 

24519 

46*7 

0 . 

0 . 

0 . 

0 . 

44814. 

36785. 

3757. 

26768 

46.8 

0 . 

0 . 

0 . 

0 . 

59109. 

49112. 

4920, 

34619 

A 6.9 

0 . 

0 . 

0 . 

0 . 

54769. 

45413. 

4640. 

31721 

4640 

0 . 

0 . 

0 . 

0 . 

48619. 

40230. 

4225. 

27975 

2154 

5287. 

5573. 

1850. 

5983. 

4444. 

4833. 

2104. 

5821 

2152 

10163. 

8680. 

2047. 

7431 , 

9432. 

8184. 

2434. 

7088 

2153 

13534. 

11622. 

2194. 

8753. 

11735. 

10522. 

2432. 

9481 

215A 

17207. 

14482. 

2864. 

13811 . 

15245. 

12373. 

3137. 

11887 

2164 

6056. 

6272. 

2193. 

6627. 

6440. 

6240. 

2413. 

6468 

2162 

6757. 

6785. 

4100. 

7167. 

6943. 

7254. 

4006. 

8529 

216.3 

6966. 

6542. 

5825. 

6958. 

7840. 

8005. 

3854. 

9143 

216.4 

6835. 

7426. 

4166, 

10525. 

7805. 

7226. 

3834. 

8005 

217.1 

11276. 

9948. 

3124. 

9723. 

14149. 

11646. 

3316. 

9915 

217.2 

6291, 

6394. 

2544. 

10395. 

5923. 

6626. 

3441 . 

10446 

217.3 

6093. 

6742 , 

2699. 

7874. 

6343. 

6033 ♦ 

2758. 

7495 

217.4 

6036. 

5893. 

2804. 

6626. 

0 . 

0 . 

0 . 

0 

2 iai 

4898. 

5644. 

2455. 

8088. 

6254. 

6247. 

2627. 

5881 

2182 

9644. 

8148, 

2383. 

10007. 

8950. 

7405. 

2448. 

6426 

2186 

12661. 

10757. 

2001 . 

8511 . 

10853. 

9384. 

2599. 

8012 

218.4 

16431 . 

14281 . 

2836. 

19503. 

13714. 

11701. 

2868, 

10260 

219.1 

6841. 

6409. 

2308. 

4991 , 

6936. 

6240. 

2379. 

6530 

219.2 

7194. 

6671 . 

4590. 

6325. 

8426. 

8246. 

3510. 

8598 

219.3 

7241 . 

6972. 

5863. 

9960. 

8564 . 

8205. 

3737. 

9067 

219.4 

8035 . 

7330. 

3501 . 

10903. 

8695. 

7585. 

3682. 

7653 

2204 

11510. 

10162. 

3002. 

9465. 

15162. 

12252. 

3110. 

10611 

9202 

6858. 

6688. 

2647. 

9087. 

6785. 

6288. 

3365. 

8336 

2203 

6469. 

6652. 

2702. 

4988. 

6888. 

6619. 

2965. 

7343 

220.4 

6622. 

6189. 

2949. 

7514. 

7247. 

7074. 

3310. 

7109 

221-1 

5414, 

6215. 

4040. 

6939. 

6716. 

6861 . 

3192. 

7054 

221-2 

8663 ♦ 

7468. 

2493. 

8832. 

7709. 

6481 . 

2289. 

6716 

221-3 

9629. 

8249. 

2306. 

6460. 

8143. 

7102. 

1944. 

6888 

221-4 

12661 . 

10965. 

2003. 

6545. 

9515. 

8653. 

2103, 

8895 

222*1 

6397. 

6298. 

2083. 

4308. 

6516. 

5875. 

2227. 

6212 


NOTE: ZERO-VALUE ENTRIES INDICATE ABSENCE OF DATA 
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TABLE A-ll. TOTAL VIBRATORY STRESSES (X+20,±kPa): SR-3 INLET TESTS 


PAGE S OF 5 


RUN* 

1-1 

1-3 

1-4 

1-6 

3-1 

3-3 

3-4 

3-6 

2222 

7246. 

7456. 

3068. 

4070. 

6178. 

6557. 

3089. 

8550. 

222*5 

7006. 

6780. 

4002, 

5534 . 

6399. 

7274. 

2992. 

8377. 

222.4 

7407. 

7124. 

5748. 

3031 . 

7557. 

8233. 

2965. 

8922. 

223-1 

16278. 

13738. 

3153. 

10332. 

24208. 

20009. 

3799. 

15093. 

2232 

7190. 

7147. 

2445. 

8969. 

5288. 

5895. 

2503. 

7716 . 

223-3 

6915. 

6593. 

2624. 

3362. 

5288. 

5868. 

2434. 

7702. 

223-4 

6915. 

6955. 

2928. 

3023. 

5647. 

6495. 

2544. 

7667. 


NOTE: ZERO-VALUE ENTRIES INDICATE ABSENCE OF DATA 
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NOTE: ZERO-VALUE ENTRIES INDICATE ABSENCE OF DATA 
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NOTE: ZERO-VALUE ENTRIES INDICATE ABSENCE OF DATA 
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NOTE: ZERO-VALUE ENTRIES INDICATE ABSENCE OF DATA 
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NOTE: ZERO-VALUE ENTRIES INDICATE ABSENCE OF DATA 
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NOTE: ZERO-VALUE ENTRIES INDICATE ABSENCE OF DATA 
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NOTE: ZERO-VALUE ENTRIES INDICATE ABSENCE OF DATA 
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TABLE A-IV: P-ORDER STRESSES (±kPa), SINGLE SCOOP MID INLET 
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ORIGINAL PAGZ u3 

OF POOR QUALITY 


<0 

b. 

0 

CM 

U 

O 

< 

Q. 


co' 0 ^(M'OCDin'orjO‘(\icsi^ > 'OonooMt^bTO^^ajr 4 W^*<WN'Oori'«or>.rvioo^*^in^“tnoooo 
or' 4 «-»<rtn'OOvori'<ro.r><.cD*r -on > a rs m •»* n m rs mroinr^^ m cn -4 tn -• <-« co <h cn in n 
in’Omn’fCDH'O^'OMn'OONN *■ in m« nv n ncn a> ro m o- in «r <r cd ^ «r o cd 

«-4 iH —4 *-« *•* 


>oooNooMoooD''Oooa)ovooo(itottnooHoon>HinNo«ooinnO'‘ifloooo 
rs aa ^ n ro »-« »■ oo m cd > in rs m in m rs i* r) n rs o tn + 

W w CNN NN N H r*l H CN CN «H M N t N h N M (N ION N 1*1 


Z 

Li 

Z 

a 

CL 


.O'OOTOtmmminnvinonoO'OtntNOOin o o © is rs 
d cd hn s^oNCoo*nT <j v o- «o co <r ^ cd o -c 

4 m ro HnnnH'Ott nnm n nm n^ m n 


NOomono'OioooNO'OONN'ona 

-O ^ <h O 'O O O N *■ N CD O 

IN W V N N ^ NNO*NO 


hi 

-J 

Z 

Q 

Z 

< 

s 

a: 

O 

u. 

z 

< 

-i 

3 

Z 

Z 

< 


<Q 

a. 

il 

</> 

u 

<n 

V) 

Ui 

z 


cc 

Li 

a 


a ui 
c o 

a o 


x - 

CJO 

< z 

X 


a. Li r 
a Li a. 
cc a. cc 

u. CD 


O'OvMninnooN 

o^0'5r*H^wC0'0 

NPIriNIMOOHN 


woNai^tinnoovinno. oflDOcovthnwo^n^incoonNMCDCK o oo * 
CD N O ^ IS O m N *h*hO'N 3'0 in o* in IO CD <0 n o is ^ *-4 © CD»< h o w V 

N^nocNoooo ONfsNin N«M*m»-o HninniNnnfionN 

H H *4 H H H H V 4 H *4 iH H «4 ri 


'Wtn«rmcirv«rrso' 0 'Oin^ , N<rO' 0 »rmrsNN'ca)incDf'oaDO'‘tncxo<N'<)^C 4 C>‘«rors*-*>ocDiN*-ion 
jo^no*ooN^inrsMiS'OOD^ra 3 N 3 oa)no‘«oin' 0 <r^rw(S'ON^<r'onininch'Orso^rtroNr 3 oO' is 
>'ONO>'ONO>'OOfiNin^NH^HCDfiMn> 0 '<)>^MCDNNN? 0 'n«CDtri«'OHV(NI>>NH ^ 
4 ^ N N *-4 N N ^'OliT WCD'O r) ih w <-t N -M 


in ^ <r i> h -oo <r n h o. o 
^rs.rs'«ro'OD*NCOin'Oin 
n +4 ri n w »-• -m 


•omcofNrs- 4 <rcDCOin~«^in*-«<rcO'OCD<rtnmo<N' , j-ooM<r-HCNCON 

rsMO'OM' 0 <rriwNi>^Mrsrsrs»H<rN 3 "«intrNMMinO‘nncLisco 

•o(MDHOo-nn<r«c-o«rON<i’nnO'^f«iO'S'<iM^caMOMnin 

OJ ^ ~4 1 * <- 41-4 -* MH DH N •« <H W 


(NOMOOOO 


- 4 n 4 r- 0 Hnc' 0 HM 4 r'O- 4 M<r'<j^nv« 0 Hn 4 r'fl- 4 nv^Hn«r«o» 4 nT'O- 4 M<r'O< 4 n<r 4 J 
i I i > i i l i l i i i i i i i i i i i < i i i i i i i i i i i i i i i i i i i i i i i 
HHH^nnnnHrtHHnnnnHHHHnnn«-'-WHnnnnH-iHHnnn«^wHH 
CDO(3cDCDCDCDCDCD(3tD(DCDCD(DCDCDCDCDCD(DCDCD(DCDCDC3lDCDCD(DCDCDOCDCD(DCD(DCD(D(DCDCD 

OACQiaaiasAcaaacQiXiia AAAcanafflaiBA aa a ffitniXiaaaaaaA a a a a a a a 


— •PO<r' 43 — •M«T'O-tM-«T '0 


nv -o Hn<r >o 

i i i i i i > i i i i < i i i i 

nnnn 

'** rn ,n "■* CD CD CD CD 

A A DO A 


O 

w 

IS 


O 

IS 

© 


O 

CD 

O 


o 

o 

CO 


o 

CD 

o 


o 

o 

CD 


V) 

Z 

Ui 

Q 

Z 

0 

CL 

> 

1 

< 

UI 

-I 

CD 

< 

H 


Li Li 

a -i cd 
-cou 
-I z a 
a < 


o 

0)3 h 
WO L 
C J c 
ZU.C 


o* 

T 

o 


m 

o 


Li • 
-J CD 

zo 

M LL 


a 

3 

L. 


LJ LI 
-1 SL 
Z >• 


D 

Z 

Z 

< 


Z 

Z 

c 


30 

a z 


fs* 

N 


107 


NOTE: ZERO-VALUE ENTRIES INDICATE ABSENCE OF DATA 



moO'Oa.^o«oa3<rnfsnror)^or^ocNN^'00>Mr>GD^'»-io»o^ , ttioo-o^o^o*njncarsui^rro > 
<r o- *-o <r to ▼r^rs^^-pvTH-H t> •oo*(NO‘'oeorsrs^io rs. rv o» ▼ m 3 «* n *■ as n -* ^ m cm com 10 

win o>nn mcMm^Mjm^-vcM cm nhn^^nhobjn ps»cm -» wcm n« tN^-cNocoo naj o 

*■« 1*3 10 CM »»• ^« CM 


HncMf)noooooooooooooNoooNooo<ooooN HNO^WHOonoonoO'O in 
0 > «-» o *N <► cm > sj cm m n-on nNt nn o M3 ao ao 

-* M <rnN *• W CM CM CM N «T CD CM CM W *■ NM h CM 


ono-ohnmoo n-flOCMdtoNNNonnnoN oo>oo>n 
cm rv Min o> cmo* o. n •* n~*n on<o ^ to <o» 

ro CM ^ CM ^ *0<OIO O CM IO rv M> O' + + M> O- CM CM ^ 

*4 H 


nnoNoo>oo>noooooof hoo m> 
n M) ** to M) O' CM o o o- o 

M3 (► CM CM *+ CM r) M3 rt CM 


— o o oo o o 

CM 

CM 


rvoo'cnoo^onochrvfvo 
n ▼ T«iono>f*N ^ o» o 
to rv *4 o cm cm > cm io •ocmio 


■o o-Noonno-oioiflon'O-oon m 

N PvCD CD W M MM1 CD IO O- O CM 

^ CM ^ IO CM ^ l* 3 W» <r CM M r) CO 


o n mcMoncMCMOrvncMtoioo 


CM <T 'O M3 0» MJ I 
M3 ^ CD CM 0* MT I 


ino-offl^oo orvcDio^coM^ o* to m »a m to rs o-HtnotnoN-on vion n no o-o 

>▼£>• VOO ^Min< 0 > 0 (NCwM)MO^C 00 ‘»OflD‘CM'HO 0 J|fl^a) ^rvCMtn^COCMfO 
jnn vno h oocNtfico^riN nrvror^roM-M-ioorsiorvOMjrvcD to o* <r cm o* cm cm 

cm w w tn n cm n n ^ rv to n w «r cm •-» m so co m> ro cm *-* *«cmcm 


o OMi «r o «r om cdm' o 
to cm ro n o- ao cm rotncK o 
CM^CMCDO^^n^n*-! <r 

CM ^ CM w wrtCM «h 


oooooooo 


M)OCMIO^rOP*»^CMMJO'OM)^l , OCDIOfSM)CM^'IOa 3 lOIOCMWCM^I>‘Pv<rl>*M)rs.CDCK^tOO» 

CMtorvnrvrM'ONOtono.D*ajronofMrM«or)ioo>‘M 3 tocDMO‘CM^riotoM)^ 0 ' 0 ‘CMO‘D'*H 

-CDMJ'tMNCDNfMO'CDO'HMISCDOCDCDO-ONCDN'On'nnOM-’TOininNCD'OIDCOO 
CM *4 CM CM CM w 1*3 CM CM n CM CM -* ** CM ^ ^ 

HMMMiHnMMi *HM<r'0^ro<»-'O*^n«rMD^ro<r'O -»ro<T'0^n«r'0^n<r>o^io<r md 

i i i i i ■ i i i i i i i i i i i i i i i ■ ■ i i i ■ i < i i i i i i ■ i ■ i i 


108 


NOTE: ZERO-VALUE ENTRIES INDICATE ABSENCE OF DATA 



OF POOR QUALITY 


Lu 

o 


ONin«NocDHMso>d>Honifloonoooo>noN« 40 >N'OOMflooNn> 40 oinHinnryoH(N 
w-ONN^Hinr)^'fl'ONNNO«n m o* onnnooponN OMDooo^n m o w n ro to o* in 

n^N^n^oNintHH'onoo* ^ <r --4 T^nrJWHtniflo^NnonwtiMiKHooin'O’on 

*< H H H «4 *4 *4 *4 


u 

0 

< 

CL 


o rs mnajo oonoo^o'oooooonooooco** orjo *ioo hn-o o oo on -o-onN ^ «go -o 
no>N-om cm < rs n o m> cm <s rs « -o a> o cd o qo rs -o ino> - o &> n o 

n~ 4 *«<Mm M CM W M n mon «O^NNn^NH«^N f t«NMMN S 3 


z 

UJ 

z 

o 


tcDOtnooo«nn 6 t 9 «f 

O O O* O «C S3 O PO O - 


0 0 0 * 0 ^ 
cm w ~4 rs *• 


'C os 
04 tn tn 


tnmHno-ON on«onN 00*4 ton noo wN^ot rscs o -0 

m > m *0 o n n n co n t a) cm o sj n 00 t noo n no oi 

t Hinnin o n - 0 * 4 ^ n n n ^ n ^ cm 04 -4 cm 


0000 


U 

_J 

z 


<T 

UJ 


itnooNnonntNntncono nm •^cMCMO'rrsr'voO'SDo* Non t o*hO )*4 is. go tn <0 fc ** •-* o 

W) S) »* <0 CM fS <S S3 S3 CD S3 O* »> CMmmCMCMCMCMtf) > -4 N *■ *5 If) tD fS 

aj'0«owtntiono*notn t nn >0 no- tn n« 4 nr 4 non cm 


Q 

X 

< 

s 

x 

o 

u. 

X 

< 


HtnnoN tNninnn» 4 t'ononoN» 4 NHino‘CDNiN(rioinN nMo^NMNin ontomcDin rs 
▼ ioO'OOooO‘Mr^o- 4 CDCDcocNCM' 0 «Hr^tncMin»no»cMrocM*Hmn^rocM(MCM^cMOor 4 ^in' 4 r(M'Or 4 CO-HO 

'OO'Hnno •KCMrsaocMfNfsO'CMrso.noaroajrs'or*. ts CMCMnocMrsins3CM*4©'OCM© ro w 04 n as cm cm 

CM -4 ^ cn 04 -4 1*3 CM hP)(M »-« «0 If) W CO S3 M CMH ~4 CM »h *h CM — « *t Ms hCJh «h 

0 'ono'ffl-«o^ncDin* 0 ' 004 nni)‘nHiflNOHtfflO* 4 ntnnHO‘NO* 4 * 4 inoonNHOJONtot 
4T<rcD»-«0'0vin^rs)S3sj-H^iiTm«n«-«<r4rcM^-04rv4rcMmrv'0CNnrsc0 04 0*Noo0‘S3^ mono r> rs <r t 
ttc 0 CD' 0 C 0 0 ‘Ot 4 rD 0 *MM>‘ 0 ‘Oi)>ntn> 0 CMt> 0 * 4 OC 00 .tin 0 ‘Ha)NM).^rtajHNajNCD^ncDO 
fM ** *4 ■* *1 04 «-« «-• -4 *4 -4 »4 04 »-4 CM »-4 *4 CM ** »H 


D 

Z 

Z 

< 


(0 

a. 

-H 

(/) 

UJ 

CO 

to 

UJ 

X 


a uj 
< a 

-I € 

a o 


u o 
< z 


CL UJ Z 

a ujol 
gc Ol oc 
a , cn 



o 

rs 

o 


QD 

O 

fs 


o 

«4 

N 

O 


O 

CD 

O 


o 

o 

a 


o 

o 

CD 


(0 

K 

UJ 

O 

tr 

O 

QL 

> 

I 

< 

UJ 

-I 

CO 

< 


cc u. 
uj u. 
3 UJ 
o a 
a. u 


UJ UJ 

a jo 

C OUJ 

-J z o 

A € 


o 

cn 3w 

woi- 

< -J« 

xu.cc 


o 

rs 

o 


o 

o 


rs 

0 * 

w 


a 

3 

u. 


UJ UJ 

-j a. 
z >- 


cc 

c 


K 

€ 

_J 

3 

Z 


<r 

< 

-j 

3 

Z 


3 

Z 

Z 

< 


©** 

v4 

CM 


C* 

CM 

CM 


n 

o # 

CM 

CM 


109 


NOTE: ZERO-VALUE ENTRIES INDICATE ABSENCE OF DATA 



CftMQlNAL FACE 3S 
Of POOR QUALfTY 


U. 

o 

© 

Ul 

o 

< 

Q. 


Ui 

z 

o 


Ul UJ 
-J 0. 

z >- 


tnM«**noNW’ON'flo^H(Hfl(>fN»<roMoinoooooH>oo» i 

N00*0 Or CM nOOO.n^CKNCDO'H-onO^^'O'flCD -4 © fN CM (► 

ro n «h ^ cn nwN'Cifl^N^nNtncD’rf^tnr'jnH © ro ©cm cm 


OOOO'Of 0*« 0900 
03 NO 0> -O N 

m © w n © ^ cm 


©ooo^nooorooooooocM ooo^o- rjoaioooN'OOir^ovoH 
© rv moo m© o»rso» M3 <r nn © <r a* o 

cm ^ cm ^ cm nnn nn cm w n n ^ r) 

>oooNnooa>ooonoo'00'00*<(v*iONN«onNnoiDNooooooNoii?wnooo» 
o h o cm o o Hin n md-o t n cd (no© *r rs o o^onooik <r 

n (mn cm cm r) m cm © cm m © © © o cm © ©^ *m ^ cm ^ ^ cm ^ cm 


h 

u 








UJ 

© t 1 

owomnnO'O ortnonnntnnin'onoffl^N 

*'©©'00-»©0-I 


Ui 1 I 

nN «-< pv in 

n neo 

CM^nOO'^NONrMf 

© <T © 

CM O* © W 

Nno>« 


a i n i 

in <r one 

0* Cl S3 w 

M)ein^M)M©ninne 

© m © 

CM © CM + 

© M3 M3 CM 

z 

© i i 

a i i 

w w ^ 







o 

Cl 








DC 

i i 

ntMnnooncjNMe 

NCM^'oronNne'OCMONeeo-iein 

«T © O O' MJ 

< 

i i 

CQ0"00>mmji«mN-0FioHCMDO'0in»>c^«0‘nef0 

P'3 © fN ^ 

<T © CM © © 


1 CM 1 

aJ-onooecje-ONCJCDoeHriro-i 

N MJ PO © CM O CM © 

m^iom) 

<T M3 CM M3 *T 

5 

1 1 

*4 w* n cm 

h M CJ 

h ro fj *4 © <r 

nen 

CM © M3 

V « <T 

CM m CM 

DC 

1 i 








O 









U. 

1 1 

no^ © NN h 

O N e N © 

1 

2 
6 
0 
3 
7 
A 
2 
7 
0 
2 
0 
A 
t, 
0 

O M3 MJ CM 

M3 CM O MJ CM 


1 1 

oo>ecDn 

MJ O M3 © 

*■« © ^ M3 N o M) n CJ e 

i> © n 

IN CM M3 O 

CM e -1 CM © 

a. 

1 *4 1 

M3 N n W H 

in cn n m 3 i/3 co m mj © o w cm © © 

T -o o 

©P0©M)rMM3Mwr> 

< 

1 1 

HH *1 

CM CM 

CM ~4 «-• +4 CM CM 

CM -4 *4 

-4 CM CM 

CM *4 *4 

-4 -4 *4 

_i 

1 1 








— J 
Z 

Ui 1 

a ui i 

i i i I i i i l ill 

•o^ro-C'0’-«©<r'0^n«r'a^r) 

i i i i i i i i i i i i i i i 

<r M3 *4 n 
i i i i 

e-o -HMe 

i i i i s 

z 

«c a i 

T-l 

Hnnnn^M 

H-nnnn-w 



_l < 1 

OOOOaoaOOOOl3C3CDC3UOOOC3C3QOOCDC3 

□ uo u oa c3uu 

< 

© a i 

i 

©A©©©©©© ©A© 

©©©©©©©©©AA© 

© © © 

© © © © 

a © © © © 










£ 

i 

o 

O 

o 


o 


o 





•-< 






u O 1 

>0 

'O 

S3 


M3 


IN 

*H 

« Z ! 









z i 

o 

O 

O 


o 


o 

tn 









UJ 









v> 

a i 

. 

# 

. 


. 


. 

(/) 

LU Ui I 1 

o 

mj 

o 


© 


ro 

UJ 

O UJ £L 1 

c- 

© 

M3 


© 


© 

CC Cl. CC l 

<r 

© 

>0 


<r 


CM 

QC 

Cl © I 

<r 

M) 

M) 


M) 


© 

f- 









Ul 










CC U. 1 

MJ 

IN 

~4 


M 1 




Ui U_ 1 

*r 

IN 

IN 


•o 



UJ 

3 UJ 1 

o 

O' 

© 


n 


o 


a a i 


• 

• 





Q 

Cl. O 1 

o 




*4 


o 

DC 









O 

1 








■ 

Ui Li 1 

o 

O 

o 


o 


o 

QL 

A _l O 1 

*4 




*-i 




CCS Ui 1 

• 


■ 


• 


• 

. . 

-j z a 1 

© 

© 

© 


© 


a 


A < 1 

© 

© 

© 


© 


© 

> 

• 









< 

1 

O 1 

o 

o 

o 


o 


o 

UJ 

© 3 -* 1 

in 

IN 

IN 


IN 


rv 

© a i- i 








J 

< -i < i 

o 

o 

o 


o 


o 

m 

Z U_ CC 1 








< 









i- 

( 









h- 1 









U * 1 

A 

a 

A 


A 


A 


-J © 1 

3 

3 

3 


3 


3 


Z O 1 

u. 

U- 

U. 


U. 


U. 


(MO'OOO'ajHHm 

o ^ cm m> in c* M 3 r j 

*hM O CM ^ ^ CM 


O 

IN 

O 

i 

© 

■•H 

© 


o 

<9 


< 

13 


€ 

-J 

Z 

Z 


110 


NOTE: ZERO-VALUE ENTRIES INDICATE ABSENCE OF DATA 



• 

b. 

O 

<D 

u 

o 

< 

0 . 


^ 0 ^^^ 0 ^«fflNrjCD'O(*»cDU') 0 '*NOVN 9 'OfflN' 0 rj 03 rsin^' 0 '^OMMQ 3 fnn^'«a>r 4 tj')' 0 (xhviiT^r 0 

N 03 ' 0 O 4 ’CDf'im 0 .<i'*Oin* 0 -OC 0 tn 

nn^o>>HO<o>n 4 <on 9 0 >H 4 -. •« o> N'Oinn^Na)f<rm(DNntfrwn^coNN'OOMnn&' 

.4 . 4-4 M -<-•—• -H CJ -H 


in 


'OooO'ONOoooooooooO'-oooooocoooonooO'aoootnooai^'OOKOooo-'r 

0 0 ^ 0-4 CO -4 *4 © <r P- O* 03 CD CN O* 

cm n .4 m -4 r 4 47 to m -4 m cm «r cm co 


ui 

_l 

z 

a 

< 

5 

a: 

O 

u. 

K 

< 

_J 

3 

Z 

Z 

< 



N<TOIflQ^O'OOnOVOVOHHO>OHNNO«OOONOOOI>>OOONOOOOONOOOOOO 
^o.<r^^rs>»H^-cwo«‘r)vr)>ri<N rs n w m <r cm cm m 

n cm cm n wn nN n cm m © m *o rs -« ro cm cm w cm w m tn 


• \ 


m®cM(Ncors<rmcorsorsoors(NO'm©cNmri- 4 'Om 4 -*m-*cMrs©cMr , n— ■«r©o- 4 ' 0 ®'OrswT-iinrMOO' 
in<r<rt>.nrs<i^o^rv'0'0r'J0'rs’Ttj')i>npnri'0or < iincNrji0-0^or^<ro-0»-«'00‘'0ijTocD0Jon'0^« 
NinMajn-ocjon^N'OtN'O^coin'OHN^NN'flN’rtntM^NiniMn^inNnoMin^ovij’JNHnin 

v-i H C<l H W H rt H ^ H H H H 


CM 


®'ors^-r'srsO'<roo'®^'orsrs-*i>*«rcM*«incMCMmmfflO'i>'rsininro-4'«ocMinrain®incM®inri~i>oincM 

NOON'OM^O'OnOsHM^NONO'O'D'CDO'NMO^WMaO'OO'Mn'OfflN^'r^lilaJO^IilHOO 

rs cm «-« cm m -< o O' n *-4 m a: n -♦ <r rs cm ■« ~h tn ® is .-1 co n m © cs cm <1 <r cm o cm cm cm m cm rs cm cm rs n<j cm o 

CM 4 -* Hfj H -4 CM CM *h CM CM ■^^GD^UTfvn fs CM »-• ^ -h -h -h *h ,-4 CM «h -« »~4 -4 


in>oocDinO'morv^'OUTCD^o*^CMrsrvnuTijirv«H'rin'i-«in^®^a3'0'OrvMCDrj<T-rsoininrjr-i' 
» 0 ' 0 (u<r'OHin*-o>fjW'rocoriNfJi , 5 'Orjp , )noMOiBoroMncDHwnnMoonn>MOMi 
0 'Nin'Oio^wO'Oco , rH(nfjH>ono<r'OroinNw'OMnnP'ioi , )a)»'Oino^OMN , riniDHrji 
cm cm mh h n n h cm -h ^ ^ th hmh nh h -4 cm -4 cm *h cm ** cm ^ 


<0 
_1 c 
® a 


I I 1 I I i i i 


• ro <r >o *h n <r -o 

I i I I I 1 


I I I 1 I I i i f I E I I I I i I I I I I I < I I ! I I i I r I I I I i I I l l ■ I I I < ! I 

Q( 3 QQaiDOaO! 3 [ 3 OO 0 OOOOOaO 0 C 3 ( 3 l 3 aaO( 3 Ul 3 l 3 OO(DOO( 3 Q! 3 OO 0 (!O 0 a 

a'aasfliaaaaAaffiafDaaaaiBi&aAAaaai&flaaafa&aaaAABfBAAaiaAaa 


I I i I t > i I i i i I I I I 

-• n n n n 

'-□ 0 OGQ'JGOOCC]t 2 C 3 G 


n<r>o^f , 0 < r'O~«n^r' 0 ^n*T-o ... _ ... 

1 1 1 » 1 • • f • i * 1 i 1 1 » i 1 i 1 i 1 1 1 


CD 

u_ 

4 

O 

O 

0 

0 

0 

0 

JC 

I • 1 




0 


*-1 

-H 

a a 1 

rs. 

rs 

® 

m 

GO 

CD 


<C Z i 







tfi 

Z i 

0 

0 

0 

0 

O 

O 

ui 

IA 

GI 

1 

a 1 

. 

• 

. 

. 

• 

• 

u 

a.ur 1 

in 

o» 

<r 

0 


4—1 

OUiO. 1 

H 

w4 



O 

O 

Q* 

xa.ii 1 

m 

4-4 

O 

cm 

O 

GO 

l_ 

0 . (0 1 

rs 

rs 

MJ 

® 

GD 

rs 

cn 

a: 

l 

CC U. > 

<r 

H 

in 

O' 

CM 

in 

Ui 

Ld U. E 

*0 

rs 

ro 

GO 

® 

0 

3 Ui 1 

•o 

in 

0 

in 

«r 

■«r 

Q 

O O 1 

• 

• 

• 

- 

• 

* 

fY 

Cl. U 1 

H 


0 

w 


*4 


o 


a. 

1 

Ui UJ 1 

0 

O 

O 

O 

O 

O 


u J O 1 



^4 



•-1 


C U UJ ! 

• 





* 


JZu 1 

0 

CD 

CO 

® 

m 

ffl 

> 

A < 1 

in 

in 

in 

in 

in 

in 

< 








UJ 

O 1 

0 

0 

0 

0 

0 

0 

C /1 3 h l 

rs 

rs 

rs 

rs 

IS 

rs 

_l 

wot- 1 

• 

• 

• 

• 

• 

* 


< -J « 1 

O 

0 

0 

0 

0 

0 

UJ 

tux 1 







< 

E 







H 









K 1 








UJ • 1 

0 

0 

A 

0 

0 

A 


-j cn 1 

3 

3 

3 

3 

3 

3 


z 0 1 

U. 

u. 

U. 

U. 

u. 

u. 


M Ck. 1 

1 








1 

cc 

cc 

CC 

oc 

CC 

cc 


w 1 

< 

< 

< 

< 

< 

< 


UJ UJ 1 

—J 

-J 

-J 

-J 

-J 

-1 


-j a. 1 

3 

3 

3 

3 

3 

3 


z > 1 

Z 

Z 

Z 

Z 

Z 

Z 


** ►- 1 

Z 

Z 

Z 

Z 

Z 

Z 


1 

< 

< 

C 

< 

< 

< 


1 

1 

1 

z • 1 

a 

MW 

CM 

a 

Pi 

s 

Sr 


3 a 1 

CM 

CM 

CM 

CM 

CM 

CM 


ocz 1 

CM 

CM 

CM 

CM 

CM 

cm 


111 
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NOTE: ZERO-VALUE ENTRIES INDICATE ABSENCE OF DATA 
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